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“A. S. ‘Double’ E.”* 


A. S. “Double” E. has taken an important step in joining with our 
other national engineering societies in carrying forward scientific engineer- 
ing progress and achievement in this post-war era. 

The interests of the Society have long been devoted to the problems of 
“what to teach” and “how to teach.” It has, however, given increasing 
attention to the development among engineering students of that funda- 
mental background of common understanding and objectives, the encour- 
agement of a proper perspective with regard to their place in society, and 
the attainment of those high qualities of character and professional ethics 
which are such essential factors to successful engineering service. 

The Society, in taking this new step, assumes added responsibilities. 
Our power for peace in this troubled world and our faith in democracy 
as a means of providing higher standards of life, as well as living for all 
our people, rest upon our continued leadership in science and engineering. 
We must play our part not only in research and in the continued develop- 
ment of improved methods, processes, and products, but also in guiding 
the evolution of our economic, social, and political life so that it may be 
integrated with such developments. We must seek those optimum con- 
ditions under American Democracy which will stimulate continued scien- 
tific and engineering progress and make it certain that we shall lead the 
world in the never-ending search for a good life for man. 

It is our hope that A. S. “Double” E. will fully recognize its new 
opportunities and accept this challenge to wider service, and will take its 
place as a leader in solving these basic problems of an adaptive society. 


* Reprinted from Civil Engineering Bulletin, C. E. Div., A.S.E.E., Vol. 12, No. 1, 
December 1946. 











UNESCO, A Program for Peace through 
Understanding 


By HUBER O. CROFT 
President of the Society and Representative on UNESCO 


In November 1945, something new 
under the sun was conceived at the 
United Nations meeting in London. It 
was called the United Nations Educa- 
tional, Scientific and Cultural Organi- 
zation (UNESCO). Briefly, the aims 
and objectives were to be the unre- 
stricted pursuit of objective truth, the 
free exchange of knowledge, the de- 
velopment and expansion of means of 
intercommunication between peoples, 
and the fostering of mutual understand- 
ing of each other’s lives. In other 
words, UNESCO ultimately dreams of 
reaching a Peaceful world through 
fostering the sympathetic understand- 
ing of the peoples of the world. 
“Since wars begin in the minds of men, 
it is in the minds of men that the de- 
fenses of Peace must be constructed” 
is a portion of the preamble of the con- 
stitution of UNESCO. This brief 
statement epitomizes the whole of 
UNESCO. 

To implement UNESCO, each mem- 
ber nation was invited to select a rep- 
resentative delegation to an interna- 
tional General Conference and to form 
an Advisory National Commission. In 
July 1946, the Congress of the United 
States officially recognized and finan- 
cially supported UNESCO by provid- 
ing that the President with the consent 
of the Senate should appoint five dele- 
gates to attend the international Gen- 
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eral Conference, and that the Secretary 
of State should appoint a National 
Commission from the “principal na- 
tional, voluntary organizations inter- 
ested in educational, scientific and cul- 
tural matters” and from outstanding 
citizens. 

This action by Congress was unique 
in that a group representing some sixty 
voluntary educational organizations was 
asked for advice as to how a yearning 
for Peace could be matured and brought 
to fruitful ends by fostering interna- 
tional understanding between peoples. 

The American Society for Engineer- 
ing Education was one of the organiza- 
tions invited to become a member of the 
National Commission. The first meet- 
ing of the National Commission was 
held in Washington from September 
23rd to September 26th. During this 
meeting under the leadership of Mr. 
William H. Benton, Assistant Secre- 
tary of State, The National Commission 
was subdivided into the following work- 
ing committees : Education, Mass Com- 
munication, Cultural Institutions, Na- 
tural Sciences, Social Sciences, Hu- 
manities and Creative Arts. Each 
committee brought back recommenda- 
tions for adoption by the whole com- 
mission. In view of the historical im- 
portance of the final recommendations 
of the National Commission, the docu- 
ment is given here in toto: 
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“The United States National Commis- 
sion for the United Nations Educational, 
Scientific and Cultural Organization, or- 
ganized in accordance with Section 3 of 
House Joint Resolution 305 of the 79th 
Congress (Public Law 565, 79th Con- 
gress, Chapter 700, 2d Session), met in 
Washington from September 23 to Sep- 
tember 26, 1946, to advise the Govern- 
ment of the United States and the United 
States Delegation to the first General 
Conference of the United Nations Edu- 
cational, Scientific and Cultural Organi- 
zation on matters relating to the Or- 
ganization, and specifically on the position 
to be taken in the Organization by the 
United States Delegation. 

“The purpose of the Organization, as 
stated in its Constitution, is to contribute 
to peace and security by promoting col- 
laboration among the nations through 
education, science and culture. The Or- 
ganization is not conceived of, in other 
words, as an international undertaking 
to promote education and science and 
culture as ends in themselves, but rather, 
through education and science and cul- 
ture, to advance the peace of the world. 

“In the opinion of the National Com- 
mission, the position to be taken by the 
American Delegation in the General Con- 
ference of the Organization should be 
determined by this purpose. The Ameri- 
can Delegation should support those pro- 
posals for action by the Organization 
which give promise of advancing directly 
and significantly the cause of peace 
through understanding. The necessity of 
this labor grows clearer from day to day 
as the effects of misunderstanding and 
distrust and fear upon the the conduct of 
international relations become increas- 
ingly evident. The recognition of the 
fundamental community of human in- 
terests which made possible the great 
collaborative effort of the war has di- 
minished with time and change, and the 
possibility of common effort for peace 
and for security has diminished with it. 
To restore and make increasingly articu- 
late the intellectual and moral solidarity 
of mankind—to identify and analyze 
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existing obstacles to that solidarity and 
to develop action which will strengthen 
or create forces to overcome them—is 
the most immediate and the most urgent 
need of our time. 

“Tn the opinion of the National Com- 
mission, the responsibility of the United 
Nations Educational, Scientific and Cul- 
tural Organization in the present crisis 
is so great and so pressing that the Or- 
ganization should not hesitate to employ 
any proper means, however novel or how- 
ever costly, which give promise of suc- 
cess. The Organization is itself a new 
agency, daring in purpose and novel in 
structure. The means it employs should 
be appropriate to its nature. It must 
serve as the cutting edge for international 
action. If annual military expenditures 
of thirteen billion dollars for the defense 
of the people of the United States against 
attack are justified, ten per cent of that 
amount, and far more than ten per cent, 
might well and wisely be expended to 
remove or greatly reduce the danger of 
attack. It would be cheap insurance. In 
the first place, it is the consensus of mili- 
tary opinion that no adequate military 
defense against the weapons of modern 
warfare exists. In the second place, even 
if such measures were available, their 
cost in terms of life and suffering are so 
inestimably great that any action which 
would diminish the necessity for their use 
would be economical. 

“The budget of UNESCO cannot now 
be estimated. The National Commission 
believes, however, that a budget in the 
amount of a billion or a billion and a 
half dollars or even more might well be 
justified, if practicable and useful projects 
requiring such expenditures presented 
themselves. The National Commission 
pledges itself to support the Organization 
to the limits of its power so far as the 
contribution of the United States to the 
budget of UNESCO is concerned. 

“But though the American Delegation 
should be prepared to think and to act 
boldly and imaginatively in the General 
Conference of UNESCO, it should never 
forget, in the opinion of this Commission, 
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that it represents a people deeply and 
firmly committed to certain fundamental 
propositions bearing upon the nature and 
destiny of man. It should hold un- 
waveringly to the absolute requirement 
of freedom of thought and freedom of 
expression as the basic means of arriving 
at the world understanding which is the 
immediate as well as the ultimate objec- 
tive of the Organization’s labors. 

“The Commission has considered a 
large number of proposals for action by 
the new Organization as developed by a 
Preparatory Commission established in 
London by the Conference of the United 
Nations which drafted the Constitution 
of the new Organization in November, 
1945. These proposals will be reviewed 
at the meeting of the General Conference 
of UNESCO. Accordingly, the National 
Commission has considered the report of 
the Preparatory Commission’ as a point 
of departure and has not hesitated to 
develop and to advance additional or dif- 
ferent ideas of its own. The present 
report of the Commission does not under- 
take to list in full the recommendations 
adopted by the National Commission in 
the various fields of UNESCO’s activity. 
Many of these, specific and detailed in 
character, are submitted to you in a docu- 
ment supplemental to this report for such 
use as you may think wise to make of 
them. The Commission believes that 
these recommendations should be sup- 
ported by the American Delegation in so 
far as they are not inconsistent with the 
general principles laid down in this re- 
port. The recommendations here listed 
are the recommendations to which the 
Commission attaches greatest over-all 
and present importance. They are, more- 
over, recommendations which, in the 
opinion of the Commission, best illus- 
trate the character of the work UNESCO 
should undertake. 

“We have arranged our proposals in 
terms of the functions of the Organiza- 
tion as defined in the first Article of its 
Constitution. Fundamentally, the con- 


cern of the Organization is with the re- 
lations of men to each other. 


It ap- 
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proaches these relations in terms of three 
kinds of international collaboration. 
First, international collaboration for the 
preservation of men’s knowledge of them- 
selves, their world and each other; sec- 
ond, international collaboration for the 
increase of that knowledge through learn- 
ing, science and the arts; third, interna- 
tional collaboration for the dissemination 
of that knowledge through education and 
through all the instruments of communi- 
cation between the peoples of the earth 
in order that understanding may replace 
mistrust and suspicion and the fear which 
leads to war. 

“In the opinion of the Commission, the 
order of present urgency puts the third 
of these functions first. The Commis- 
sion, therefore, recommends at this time 
only a limited number of projects in 
connection with the first and second 
activities of the Organization. 

“(1) International Collaboration for the 
Preservation of Men’s Knowledge of 
Themselves, Their World, and Each 
Other. 

“Here the Commission recommends 
that the American Delegation advance 
and support proposals for action looking 
toward the rehabilitation of libraries, 
museums, scientific laboratories and edu- 
cational institutions and other depositories 
of the materials and tools of art and 
learning. The Commission does not feel 
that it is appropriate for the Organiza- 
tion under its Constitution to attempt the 
work of reconstruction and rehabilitation 
itself. The Organization is, however, the 
only body which can properly direct a 
general study of needs and draft a plan 
of action. 

“(2) International Collaboration for 
the Increase of Men’s Knowledge of 
Themselves, Their World and Each Other 
through Learning, Science and the Arts. 

“Here the Commission feels that the 
American Delegation should advance and 
support proposals looking toward the de- 
velopment of conditions more favorable 
to the creative and investigative work of 
artists, scientists and scholars. Where 
agencies capable of improving these con- 
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ditions in whole or in part already exist, 
the Organization should give its active 
support and encouragement to their 
undertakings and should attempt to facili- 
tate their cooperation with each other. 
Furthermore, the Organization should 
encourage the establishment of new 
agencies of this character where they 
are needed but do not already exist. 

“The American Delegation should ad- 
vance and support proposals for studies 
by the Organization of social and inter- 
national tensions which create obstacles 
to international understanding and there- 
fore to peace, and for action by the Or- 
ganization to encourage the development 
of appropriate means for their elimina- 
tion. 

“The American Delegation should ad- 
vance and support proposals for the 
establishment of new scientific and 
scholarly projects for research in fields 
in which work can most effectively be 
undertaken on an international basis, as, 
for instance, research in’ meteorology, 
oceanography, international health, and 
the study of epidemic diseases. 

“(3) International Collaboration for 
the Dissemination of .Men’s Knowledge 
of Themselves, Their World and Each 
Other through Education and through all 
the Instruments of Communication. 

“The American Delegation should ad- 
vance and support proposals for the es- 
tablishment of the reestablishment of the 
means of international communication 
through education and through all other 
media where they are needed and where 
they are at present lacking. 

“The American Delegation should 
advance and support proposals for the 
establishment by the Organization, alone 
or in connection with the United Nations, 
of a world-wide radio network capable 
of laying down a strong and consistent 
signal in all major areas of the world. 

“The American Delegation should ad- 
vance and support proposals for the re- 
moval of obstacles to the free flow of 
information in accordance with the re- 
port of the Committee of Consultants to 
the Department of State on Mass Media 





and UNESCO. The Commission differs, 
however, with the Committee of Con- 
sultants in believing that the Organization 
should concern itself with the quality of 
international communication through the 
mass media and should give serious study 
to the means by which the mass media 
may be of more positive and creative 
service to the cause of international 
understanding and therefore of peace. 
The Organization should, of course, avoid 
at all times any act or suggestion of 
censorship. 

“The American Delegation should ad- 
vance and support proposals for action to 
free the channels of international com- 
muncation of obstacles created by dis- 
criminatory or unduly restrictive copy- 
right legislation, discriminatory or unfair 
rates, or other similar practices or laws. 

“The American Delegation should ad- 
vance and support proposals that the 
Organization concern itself with the 
press, radio and motion pictures, and all 
other means of publication, reproduction 
and dissemination of materials, as instru- 
ments at the service of art, education, 
culture and scientific advancement in the 
labor of international understanding, and 
with the protection of the peoples of the 
world against any misuse of these media 
such as might result in their degradation 
and perversions to the point of fostering 
international ill-will and misunderstand- 
ing. 

“The American Delegation should ad- 
vance and support proposals for the in- 
vestigation by the Organization of 
methods of education for international 
understanding and for the development of 
attitudes conducive to peace. Such in- 
vestigations should direct themselves to 
the processes by which nations organize 
and give practice, within their own 
boundaries, to their people in the arts of 
peaceful cooperation. They should be 
more than mere fact-finding investiga- 
tions. They should be sociological studies 
of great scope and depth. 

“The American Delegation should ad- 
vance and support proposals that the 
Organization call a conference in the 
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year 1947 on the principles, policies and 
procedures to be followed in the prepara- 
tion of textbooks and other teaching ma- 
terials. This conference should include 
in its membership classroom teachers 
from all educational levels, school admin- 
istrators, writers, publishers, and other 
experts in the production and use of in- 
structional materials. 

“The American Delegation should ad- 
vance and support proposals for the ex- 
change of students, teachers, scholars, 
artists, artisans, scientists, government 
officials, and others, active in the various 
fields of the Organization’s work. 

“The American Delegation should ad- 
vance and support proposals looking to 
the increase and improvement of the 
access of the masses of the people 
throughout the world to printed and other 
materials of intellectual informational 
and cultural significance. The Commis- 
sion believes that the American Delega- 
tion should advance and support proposals 
for the development by the Organization 
of an effective system of international 
inter-library loan, in original or copy, 
together with the development of neces- 
sary international finding lists, and ar- 
rangements to avoid duplication in ab- 
stracting and bibliographical services. 

“The American Delegation should ad- 
vance and support proposals for the en- 
couragement of the establishment of 
popular library and museum systems in 
those areas of the world where such sys- 
tems do not now exist.” 


The National Commission elected 
the following officers : Chairman—Mil- 
ton Eisenhower, President, Kansas 
State College; Vice Chairmen—Ed- 
ward W. Barrett, Newsweek; Arthur 
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Compton, Chancellor, Washington Uni- 
versity ; and Waldo G. Leland, Ameri- 
can Council of Learned Societies. 

_ The delegates selected by President 
Truman to attend the Paris confer- 
ence were: Mrs. Anne O’Hare Mc- 
Cormick of the New York Times; Mr. 
Arthur Compton, Mr. William H. Ben- 
ton; Mr. George Stoddard, President, 
University of Illinois; and Mr. Archi- 
bald MacLeish, Assistant Secretary of 
State. The Paris conference has now 
closed but unfortunately its final ac- 
tions have not been received as this is 
written. 

There was some criticism evident in 
the National Commission because of 
some fifty national organizations which 
were invited to join in the work of the 
commission only five of the National 
bodies represented Scientists and Engi- 
neers. However, it became apparent 
as the meeting progressed that the most 
difficult problems which must be solved 
were those in Human Relations. In 
this very baffling field scientists, who 
deal primarily with recognized facts, 
like other specialists, are at a loss to 
agree on the very basic facts themselves 
in the field of Human Relations. 

It was a great honor for the So- 
ciety to have been selected for the Na- 
tional Commission and a privilege for 
the writer to have contributed even just 
a bit to this priceless work for Peace. 
In the immediate future, another article 
will be submitted to suggest concrete 
proposals as to how we as engineering 
educators can do our share in pro- 
moting the aims of UNESCO. 
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The Senior Thesis in the Undergraduate 
Curriculum * 


By M. A. HUNTER 


Dean, Rensselaer Polytechnic Institute 


The writing of a thesis has been an 
integral part of the undergraduate cur- 
riculum at Rensselaer for many years. 
The earliest record places the first re- 
corded thesis in 1835. Since that time, 
all candidates for degrees in engineer- 
ing and science have presented a thesis 
as the final act in their academic career 
before graduation. 

This procedure was interrupted on 
two occasions only: the first in the year 
1918, the final year of World War I 
when the student war training pro- 
gram (S.A.T.C.) made it impossible 
to continue thesis preparation, and 
again in 1943-1945 in World War II 
when the exigencies of N.R.O.T.C. 
brought about a similar situation. On 
both occasions, however, when the pres- 
sure of war training was relieved, the 
thesis was reinstated in the regular 
curriculum. 


Time ASSIGNMENT IN THE 
CuRRICULUM 


For the large majority of the student 
body, Rensselaer has set aside six 
credit hours for the preparation of a 
thesis during the last term of the senior 
year. In special cases, some of the 
more brilliant students have elected to 


* Presented at 54th Annual Meeting, 


S.P.E.E. (Graduate Study), St. Louis, June 
20, 1946. 
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take six credit hours in each of the 
two terms of the senior year. 

In the normal course of operation at 
the Institute, the academic term of 18 
weeks is divided up into fourteen 
weeks of advance studies followed by 
three weeks of review and concluding 
with one week of examination. In the 
second term of the senior year, the ad- 
vance and review terminate at the end 
of fourteen weeks and the four-week 
period intervening before commence- 
ment is devoted entirely to the final 
preparation and reading of theses. 

The author of the thesis can, under 
these conditions, find at least 200 hours 
of time regularly assigned for thesis 
preparation. In many cases, however, 
students have devoted considerably 
more time than this to the thesis. Some 
of the more forward-looking individuals 
have chosen their subjects for thesis 
at the end of the Junior year and have 
begun operations in the summer pre- 
ceding the Senior year. Others who 
are sufficiently interested find time at 
odd hours and after hours to pursue 
their thesis studies. This can be called 
an extra-curricular or co-curricular ac- 
tivity, if by this term we mean those 
things we do with pleasure after our 
assigned chores are completed. 

The last week of the finaP term is 
devoted to thesis reading. The stu- 
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dent is called upon at a time assigned 
to read his thesis before an audience of 
any faculty and student members who 
may wish to attend. He has usually 
fifteen minutes in which to summarize 
the results of his work, using slides or 
drawings or other aids at his discretion. 
The criticism which follows is mostly 
from faculty members, and the stu- 
dent steps down from the platform to 
make way for another, after less than 
thirty minutes of operation, with the 
feeling that he has completed the most 
trying ordeal in his academic curricu- 
lum. 


CHOICE OF SUBJECTS 


In so far as it is possible, the student 
is allowed a free choice in the subject 
matter of the thesis which he elects. It 
is here that the faculty have the best op- 
portunity for finding out where research 
and engineering talents really lie. 

There are a few who present sub- 
jects which are entirely original in 
character—in fields in which no mem- 
ber of the department is actively en- 
gaged. These men refute the argument 
that the student has too little knowl- 
edge to develop originality. Some pes- 
simists have said that we are more orig- 
inal at six than at sixteen because in 
the interim we have been subjected to 
ten years of regimentation. 

A second group of students will elect 
their thesis studies in the fields of op- 
eration in which some professor in the 
department is actively engaged. Fired 
by the enthusiasm of a leader, aware of 
the satisfaction which he derives from 
his work, and the incident prestige 
which comes from association with him, 
the undergraduate finds in this the full 
flowering of professor-student rela- 
tionship.* 

There still remains a third group of 
students with less imaginative minds for 
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whom the writing of a thesis is a chore 
which has to be done to meet the de- 
mands of the curriculum. These men 
are assigned topics by the staff in some 
field of their previous academic ex- 
perience. 

The writing of the thesis is to many 
of the students the last act in their 
formal education. They proceed from 
this to a job in industry. To others, 
it is an introduction to graduate study 
and graduate research. To each of 
them it is the first time at which he has 
been called upon to undertake an ex- 
tended project of his own, to concen- 
trate on it over a reasonably long pe- 
riod of time and to produce results 
which will withstand the criticism of 
his peers. His previous experiences 
have been of short duration.. But the 
outstanding feature in the writing and 
presentation of a thesis at this stage of 
his career is that he stands for the 
first time alone. 


ADVANTAGES DERIVED FROM THESIS 
PRESENTATION 


Every student before casting his 
thesis in final form must consult with 
a member of the English department 
and secure final approval for text and 
arrangement. 

One of the professors of that depart- 
ment, as an unbiased observer over 
many year, rates some of the advan- 
tages of thesis preparation in the fol- 
lowing summary : 

1. It serves to bring together and- 
synthesize material studied in a num- 
ber of courses, thus obviating com- 
prehensive examinations but forcing the 
student to make a careful and com- 
plete review. 

2. It offers a bridge between college 
and actual practice, since the thesis 
parallels actual problems met in in- 
dustry. 
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3. It provides the stimulus for some 
average students to do excellent work, 
since the problem presented by the 
thesis often seems more realistic. and 
challenging than any other college 
work. 

4. It requires enough of an effort to 
bring out the full ability of the student, 
and thus serves as an excellent means 
of measuring the student’s capabilities. 

5. It acts as a final test of the stu- 
dent’s interest in a special phase of 
science and engineering, thus indicat- 
ing for him whether he should or 
should not follow this special phase as 
his life work. 

6. It brings the student into closer 
and more personal contact with those 
instructors who are specialists in the 
phase of engineering in which he is 
more interested. In other words, he 
gets to know better those members of 
the faculty he ought to know better. 

7. It forces the student to plan his 
work so that it will be completed and 
ready for presentation on a specified 
date. 

8. It makes the student use the full 
resources of the college and community, 
often encouraging him to cut across de- 
partmental and industrial barriers. It 
encourages him to use the full facilities 


of the library and to consult with ex- . 


perts in college and industry in order to 
obtain up-to-date and authentic infor- 
mation. 

9. It gives the student practice in 
writing a report which will stand up 
under critical examination. 


THE CALL OF THE GRADUATE SCHOOL 


At the end of the four-year curricu- 
lum, the student stands at the cross- 
roads. To some, it is a terminal point 
in formal education. The desire to en- 
ter immediately upon a professional 
career and perhaps the pressure of 
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economic necessity sends many of them 
immediately into industry. There are 
others who desire to continue their 
education in the Graduate School. 

This desire to continue is not the only 
criterion which should be used by the 
Dean of Admission. In the Graduate 
School, we are looking for men with 
originality in thought, men capable of 
independent action. They should be, 
although they are not always so, the 
future leaders of thinking in the com- 
munity. 

Those men who have shown in the 
preparation of a senior thesis outstand- 
ing ability and originality are in a posi- 
tion to take full advantage of an op- 
portunity to continue in graduate study 
and can, without question, be admitted 
to the Graduate School. 

The faculty member who is called 
upon to approve such a student for ad- 
mission has solid ground on which to 
base his approval. The student him- 
self will enter on graduate study with 
a greater confidence in the knowledge 
of a previous job which has been satis- 
factorily performed. In the light of a 
long experience, the thesis preparation 
has been an unerring guide in the mat- 
ter of eligibility. 


HistTor1cAL ADDENDUM 


The earliest theses still retained in 
the Library of the Institute were written 
by the class of 1855. Among others, 
A. F. deLacenda wrote on “Interoce- 
anic Communication Through the 
Great Isthmus of Central America.” 
With a somewhat prophetic vision of 
the United Nations, he concluded his 
thesis with these words: 


“We have thus glanced over the more 
obvious reasons why no great ship canal 
without locks can be formed with any 
prospect of advantage to the world gen- 
erally except on the Atrato and Cupica 
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(Colombia) line. Let us now conclude by 
expressing an earnest hope that the great 
maritime powers will unite in guarantee- 
ing the political security and absolute 
neutrality of an undertaking so univer- 
sally beneficial.” 


The design for the Brooklyn Bridge 
did not evolve from a graduation thesis. 
Washington A. Roebling of the class of 
1857 wrote a thesis in 1857, some time 
prior to the construction of the bridge, 
but his thesis was the “Design for a 
Suspension Aqueduct,” and Charles G. 
Roebling graduating in 1871, wrote on 
the “Design of a Parabolic Truss Rail- 
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way Bridge.” John Roebling had de- 
signed the bridge and Washington, his 
son, took over its construction on the 
death of his father. 
’ G.N. Ferris of the class of 1881 did 
not design the Ferris Wheel for the 
Chicago Fair as a graduate thesis. His 
thesis was a Review of a “Wrought 
Iron Deck Bridge for the Boston Hoo- 
sac Tunnel and Western Railway.” 
We cannot say, of course, that the 
later success of any of these individuals 
was due to his graduating thesis. We 
can, however, claim that this experi- 
ence contributed greatly to his develop- 
ment. 








ure 
wal 
Th 
of 

pen 


+ had de- 
igton, his 
nm on the 


1881 did 
| for the 
‘sis. His 
Wrought 
ton Hoo- 
way.” 

that the 
dividuals 
sis. We 
$ experi- 
develop- 











New Magic in Old Lines* 


By ACHILLE PRESUTTI 
Illustration Engineer, Technical Publications Staff, Jackson & Moreland, Boston, Mass. 


For the engineer, efficiency is meas- 
ured in economies of manhours, kilo- 
watt hours, and British thermal units. 
The intangible quality of the efficiency 
of the artist, on the other hand, de- 
pends on his ability to inspire others 
by his appeal to their sense of beauty. 
So, formerly, while they met on the golf 
course and at social gatherings, the 
engineer and the artist had little in com- 
mon in business matters. In spectacu- 
lar fashion World War II brought the 
two professions together in a practical 
business relationship that bids fair to 
continue, now that peace has been at- 
tained. It makes for efficiency. 

Under the lash of the War’s demand 
for rapid production of military appara- 
tus, able engineers and.artists cooper- 
ated to prove that art could be an effi- 
cient hand-maiden to engineering, when 
it came to the production of mechani- 
cal drawings that were much easier to 
read than the standard orthographic 
puzzles that prevailed heretofore. So 
we have read much and heard more of 
the merits of three dimensional or “vis- 
ual’ drawings for the purposes of il- 
lustrating highly complicated machine 
assemblies, and of exploded views and 
schematic representations. The up-to- 
date engineer is avidly studying the 
pictorial methods because he realizes 
that industry will demand more and 


* Presented at the fall meeting, New Eng- 
land Section, A.S.E.E., October 5, 1946. 
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more applications of these efficient 
modern methods. You, who are train- 
ing the coming generation of engineers, 
are, also, vitally concerned. 

I hope, in today’s talk, to tell a little 
of the methods by which this joint en- 
gineer-artist effort has been developed 
and to touch upon the fascinating future 
which American industry appears to 
promise in the field of pictorial, engi- 
neering drafting. 

The pictorial methods take many 
forms, and we have found it convenient 
to classify them under the following 
headings: 


Orthographic 
Black line. 
Colored line. 
Wash drawings. 
Diagrammatic. 


Isometric or Perspective 
Pictorial black line. 
Pictorial colored line. 
Pictorial wash drawing. 
Schematic black. 
Schematic colored. 


Retouched Photographs 
Minimum treatment. 
Full treatment. 


I shall briefly describe our methods 
for each of the above types of il- 
lustrations. 


NEW MAGIC IN OLD LINES 


Pirate 1. Orthographic line drawing. 


this view can be very puzzling to the,apprentice mechanic. 


Orthographic 


There are many instances where 
orthographic one-plane views. can be 
made to portray portions of the ap- 
paratus clearlye and at considerable 
saving over the cost of the isometric or 
perspective types. Plate 1 is taken 
from an orthographic shop blueprint. 
Plate 2 is a photostat of this blueprint, 
which was handed to an artist, who, 
with air brush and hand brush, has 
given it the illusion of depth, thereby 
adding the third dimension at a mini- 
mum of expense. 

Very simple mechanisms can be il- 
lustrated in orthographic lines only, 


A clear picture to the experienced mechanic, 


No credit. 


dispensing with the services of the 


higher salaried artists. Orthographic 
line drawings are often satisfactory for 
schematic diagrams to show the flow 
and pressures of hydraulic fluid sys- 
tems, particularly when the use of 
colors is permitted for the various con- 
ditions, such as “high pressure,” “re- 
turn flow,” “tank pressure,” etc. It is 
important in color work to allow the ar- 


tist to select the colors, if displeasing 


* “chromo” effects are to be avoided. 


Isometric or Perspective 


An isometric or perspective drawing 
is naturally more pleasing to the eye 
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than an orthographic view of the same 
subject. Here, under the watchful eye 
of the engineer to preserve design integ- 
rity, the artist can really do himself 
justice. Keen for accuracy, the ex- 
perienced design engineer soon becomes 
enthusiastic, as he sees his brain child 
portrayed in such vivid self-explanatory 
fashion. Together, the engineer and 
artist will turn out pictures that are 
often truly impressive. 

I shall take the pictorial wash draw- 
ing as my first example of this type. 
Plate 3 is a three-quarter sectional view 
of a constant speed, variable discharge, 
hydraulic pump. I shall confine myself 
to the techniques involved in the prep- 
aration of a visual drawing of this ap- 


Pirate 2. Orthographic wash drawing. 
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paratus, and shall not discuss the fea- 
tures of engineering design. 

The first problem presenting itself 
is the angle at which to draw this pump 
so as to show to best advantage all of 
its important features. This is usually 
determined by a close study of the de- 
sign assembly drawing. An isometric, 
trimetric or perspective is decided upon, 
depending on the depth and shape of 
the subject and upon which side of the 
machine contains the information that 
we desire to emphasize. One or two 
preliminary rough sketches in perspec- 
tive are sometimes necessary to arrive 
at the correct angle. 

We must determine how much sec- 
tioning is desired to reveal al! of the 


This drawing is merely Plate 1 after the artist 


has created the illustration of depth by skilful shading and highlighting—an inexpensive proc- 


ess. No credit. 





* 
es 


Pate 3. Isometric wash drawing. 
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In this cutaway drawing, just enough of the ma- 


chine is removed to reveal important inside details without undue loss of the outside appear- 


ance. 


The complexity of the details to be shown warrant the higher cost, as compared with 


the simpler mechanism of Plates 1 and 2. (Courtesy Standard Machinery Co.) 


component working parts and still re- 
tain a clear mental picture of the ex- 
terior of the machine. This also can 
often be settled by a few simple 
sketches, but, for complicated appara- 
tus, considerable study is necessary 
which reflects the technical appreciation 
of the engineer plus the imagination 
and ingenuity of the artist-draftsman. 
The point to be kept in mind is that 
sections removed must be kept to a 
minimum. The cut does not neces- 
sarily have to be planar through the 
machine; that is, the section can be 
staggered to cut individual parts. In 
this manner, one gets a clearer picture 
of each part and it is also much easier 
to replace mentally the sections re- 
moved. 





There are a few cases where this is 
not feasible, such as a drawing of a 
complicated valve block, with its many 
ports, pistons, and connecting pas- 
sages for the hydraulic fluid, all of 
which must be clearly portrayed. Here, 
we are forced to adopt either of two 
alternatives. One is by the use of ex- 
ploded sections (Plate 4), where the 
block is cut at points of interest and 
the slices are moved away along iso- 
metric lines so that all the valves and 
ports are shown in their true relation- 
ship. The other method is the use of 
phantom effects, or ghosting, wherein 
the front portions are given a trans- 
parent treatment to reveal the hidden 
parts, as shown in Plate 5, for a cer- 
tain hand power device. These two 
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alternatives are used only when ab- 
solutely necessary, since we find that 
the average person can visualize the 
whole assembly most clearly in simple 
cutaway view. 

When the drawing is completed in 
pencil, three ozalid prints are made. 
One is sent to the client for approval as 
to conception and treatment; one is 
given to the engineer in charge of the 
project for the engineering check as 
to function, also to satisfy himself that 
there is no inconsistency between his 
text and the illustration. The third 
print is given to the drafting checker 
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~ GONTROL VALVE BLOCK: — 
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who must make sure that the work is 
graphically correct, that it meets con- 
ventional drafting standards, and that 
it is clear, and free from the optical 
distortions of which axonometric draw- 
ings are sometimes guilty. As to this 
last point, the recent engineering college 
graduate appears to be better trained 
in the graphic technique involved in 
the making of axonometric drawings. 
I feel, however, that he would eliminate 
many hours of work revising his draw- 
ings and would require much less su- 
pervision had he also acquired a knowl- 
edge of the perspective. We find that 








GAP GASKET 









V3-REPLENISHING VALVE 


Pirate 4. Exploded section drawing. The many pistons and ports of the valve block 
would be difficult to show by other methods than the isometric displacement of the sections 


adapted in this view. No credit. 








Pate 5. Phantom wash drawing. 


view indicates what the inside parts look like. 


a working knowledge of perspective 
drafting is an absolute essential in the 
preparation of a good visual drawing. 
By the simple expedient of changing a 
few parallel lines and projecting them 
towards an assumed vanishing point, 
the clever draftsman can often trans- 
form a distorted assembly of parts into 
a realistic portrait of the subject. 
When all approved changes have 
been correctly incorporated in the pen- 





NEW MAGIC IN OLD LINES 





If the housing of this mechanism were of glass this 


No credit. 


cil drawing, a reduced photostat copy 
is made. Since the photostatic process 
allows us to reproduce to any con- 
venient size, we arbitrarily set the first 
reduction at twice the size of the final, 
or publication dimension of the draw- 
ing. There are two main reasons why 
the reduction is not made all in one 
step at this stage. The first reduction 
is large enough to allow the artist and 
letterer to do good work. The final 
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reduction, made by the printer, tends to 
sharpen the lines by reducing any im- 
perfection in the original. 

After the photostat (first reduction) 
is mounted on a sheet of illustration 


Piate 6. Exploded view in line and wash. 
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board, the artist is ready to apply his 
“wash” rendering. This is done by 
the application of opaque water colors 
with the aid of the air brush and small 
hand brushes. The colors range from 


The “explosion” is controlled so that the 


parts land in just the right place, ready for the mechanic to pick up and put the gearing 


system together again. No credit. 








Piate 7. Washed perspective with key to parts. 
headaches for the installation and servicing mechanic. 
(Courtesy Hartford-Empire Company.) 


which the “parts list” describes in detail. 


white through the various shades of 
gray to black. I find that, in spite of 
the numerous shades of grays avail- 
able in pre-mixed form, it is often nec- 
essary to mix two or more to bring 
out the desired shade for a given tone. 

The typical exploded view, shown in 
Plate 6, contrasts the line drawing 
treatment with the washed treatment. 

Books on the subject of rendering 
advise the artist to strive to make his 
work look like a good photograph ; they 
stress fidelity of tone to the machine 
illustrated. We, of course, all agree 
that we should portray a machine to 
resemble its actual appearance as far 
as possible. But, I feel that this wash 
rendering, three-dimensional idea can 
be developed still further. A photo- 
graph of an engineering subject is often 
flat and lifeless. It is limited in its 
It tells us what a certain ma- 
It does not tell us 


scope. 
chine looks like. 
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This perspective will save many 
Quickly, he can locate each part, 


which parts move and which parts are 
stationary. I feel that the rendered 
drawing should also be used to bring 
out a machine’s dynamics and statics 
in various contrasting tones. A shaft 
or gear with a high r.p.m. rating should 
gleam and shine to reveal its dynamic 
quality in contrast with the subdued 
treatment that can be applied to the 
stationary housing of the machine. 

Plate 7 is a washed perspective which 
illustrates the use-of balloons, to indi- 
cate the part numbers which the text of 
the catalog describes. Plate 8 shows 
the draftsman’s perspective view of a 
machine, with Plate 9 showing the same 
machine after the artist has finished his 
rendering. 

The remaining items on our list of 
isometric or perspective drawings may 
be briefly descrtbed. The black line iso- 
metrics merely depend on line work for 
their shading and highlighting; like- 
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wise, the schematic black or colored iso- 
metrics, while giving depths, do not 
have any wash treatment. 

In our classification, we have ar- 
bitrarily agreed that a schematic draw- 
ing shows how apparatus works, that is, 
its functional processes, with an at- 
tempt to show the physical appearance 
of the parts. A diagrammatic drawing 
is a single-line representation of a sys- 
tem, which makes no attempt to indi- 
cate scale or physical appearance. 





Pirate 8. The draftsman’s part (wash drawing). 
more shop drawings (assembly, sub-assembly, and detail) of this complex machine. 
large scale, he has combined them into a single three-dimensional view. 


Empire Company.) 
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Retouched Photographs 


Coming to the last item of our cate- 
gory of illustrations, the retouched 
photograph, it is obvious that the man 
responsible for illustrations must con- 
trol the actual photographing of the 
machine and its parts. Much has been 
written of the skilled technique re- 
quired in posing the apparatus, proper 
viewpoint, avoidance of distortion, and 
in lighting effects. Clever devices in 
the form of large and small adjustable 


The draftsman has studied 50 or 
Toa 
(Courtesy Hartford- 
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Pate 9. The artist’s part (wash drawing). 
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This is another photostat of Plate 8, 


which the artist has outlined, shaded, and highlighted with his air brush and by hand brush. 


Magically, draftsman and artist can “photograph” a machine before it is even built. 


tesy Hartford-Empire Company.) 


racks have been developed for mount- 
ing the parts to make an exploded view. 
There are clamps, bolts, wax, and even 
chewing gum to mount the smaller 
parts in just the right position, where 
they landed in this controlled explosion. 

Faithfully, the artist must remove 
defects, emphasize highlights and shad- 
ows, and sharpen outlines. He must 
avoid the temptation to dress up the 


(Cour- 


machine; weld beads must be left in, 
rough castings must not be machine- 
finished by air brush . Above all, arti- 
ficiality is to be avoided. 

The “minimum treatment” of a re- 
touched photograph merely sharpens 
outline and adds a few highlights. 
The “full treatment” entails the com- 
plete rendering of the photograph. The 
method to be used depends upon the 
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quality of the photograph that has been 
furnished and upon the general style of 
illustrations which has been adopted 
for the book. 


Nomenclature 


For illustrative drawings three types 
of lettering are used: 


Free hand, rarely used. 

Mechanical lettering, either Leroy or 
Wrico. 

Type set—for which the printer com- 
poses the legend, using the desired 
font of type, and prints it on paper ; 
the strip of paper being pasted on 
the illustration. 


The finished book or catalog con- 
tains many pictures, the originals of 
which are of all sizes, requiring vari- 
ous reduction ratios to bring them all 
to the common dimensions which are 
required. Of course, the proper size of 
the original lettering for each must be 
selected. Hence, we have the problem 
of picking out in advance the proper 
template and pen to be used. 

If the picture is a line drawing, the 
lettering is applied directly on it. For 
a wash drawing, however, with its 
large areas of solid black and various 
shades of gray, the printer must use a 
half-tone screen in the preparation of 
his photo-engraved plate, or his offset 
plate. Nomenclature for such a draw- 
ing is not executed on it. It is placed 


on a clear acetate overlay from which 
the printer makes a separate negative. 
This negative and the half-tone negative 
of the illustration proper are separately 
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exposed on the same sheet of photo- 
graphic paper thereby combining them 
into one photographic copy. Other- 
wise, leaders and lettering would appear 
dotted in the finished picture. 

None of the illustrative products 
which I have described are new. I 
could show you handsome gearing per- 
spectives in a portfolio dated 1857, and 
you could refer me to the sketch books 
of Leonardo da Vinci for three-dimen- 
sional views of his clever conceptions, 
centuries old. It is just that modern 
drafting and art equipment are different 
and that, during the past few years, the 
engineering profession has come to ap- 
preciate the merits of pictorial techni- 
ques. Great strides have been made 
and enormous quantities of such rep- 
resentations have been produced in this 
period. 

Pictorial engineering drawings and 
pictures now have an established posi- 
tion in the fields of design, manufactur- 
ing, operation and maintenance. As a 
supplement to the orthographic type of 
engineering drawings, and often as a 
powerful competitor, the pictorial type 
has proved its merits. 

The pictorial drawing is easier to 
read by skilled mechanics and it saves 
much time in the education of those who 
are unskilled... It is therefore an effi- 
cient implement in modern industry. 
Practicing engineers and those who are 
teaching engineering students are 
adapting their methods to include the 
techniques of pictorial drafting. The 
engineer and the artist have teamed up 
to demonstrate that, truly, there is 
magic in the old lines. 











“Close-Coupled” Cooperative Engineering 
Education 


By ALBERT SOBEY 


Director, General Motors Institute 


I suppose everyone who has had ex- 
perience with Cooperative Engineering 
education appreciates the degree to 
which full effectiveness depends upon 
a carefully organized and directed work 
experience training in the plant as well 
as the curriculum of the instructional 
phase, and close coordination—or as 
our topic suggests, close-coupling be- 
tween the two. 

We have been fortunate, indeed, that 
our relationship to our cooperating 
plants has made it possible for us to 
have their full cooperation in both the 
plant and Institute phases of our Co- 
operative Engineering Program, with 
the result that it has been “closely 
coupled” and, as I said, I shall be very 
glad indeed to share with you any- 
thing out of our experience that might 
be interesting and helpful to you in 
your work. 

To indicate to you, as engineering 
educators, the real significance of our 
experience in this program, however, 
it is necessary first of all to picture for 
you its relation to the purposes and ob- 
jectives of this institution in its capac- 
ity as the central agency in education 
and training for the Corporation and 


the engineering approach which we: 


have made to the educational and 
training needs and problems of its 
various organizations. 
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We hear references from time to 
time to Human Engineering in In- 
dustry. Accepting that term for what 
it usually implies, the field of service 
of the Institute might be defined as that 
phase of Human Engineering in In- 
dustry which deals with the develop- 
ment of people in and for industrial 
organizations so as to meet their oper- 
ating problems effectively and provide 
the basis for progress. 

In fact, since American industry and 
its service to American people repre- 
sent an achievement of men and women 
and since every aspect of its current 
operations and its possibilities for fu- 
ture progress depend upon their cre- 
ative ability and productive efforts, the 
basic premise of General Motors In- 
stitute is that industry’s first and most 
vital task is the development of its 
people in and for its operations. 

Furthermore it is equally vital to 
organize within the industry in such 
a way as to release and utilize effectiv- 
ely the capacities and abilities thus 
developed to serve their own and the 
public good. 

The schools and colleges, of course, 
play an important and greatly appreci- 
ated part in providing industry with 
youth of future potential for its organi- 
zations. They also can, and in many 
cases do, make constructive contribu- 
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tions to members of the existing organ- 
ization. 

Those of you who were present at 
the 25th Anniversary of the Institute 
will recall, however, that it was pointed 
out very clearly that industry must 
accept the responsibility to develop its 
“end product” in personnel in order to 
have available and to utilize the abilities 
and understanding required to carry 
forward its specific operations coop- 
eratively and effectively. 

The importance of this to our in- 
dustries and to our American people 
can hardly be overemphasized. 

We are all familiar with the war ex- 
perience and how, under the stimulus 
of the common objectives of the war 
emergency, American industry was able 
to so marshal, develop, and utilize the 
capacities and abilities of its people 
as to perform a virtual miracle of war 
production which made possible the 
winning of the war. Everyone inti- 
mately conversant with the situation, 
however, knows that from an engineer- 
ing standpoint only a percentage of 
what was really possible was accom- 
plished. 

In view of the troubles experienced 
since V-J Day and the obvious prob- 
lems ahead, the importance of making 
sound progress in the discharge of this 
responsibility presents a challenge in 
Human Engineering to Industry fully 
as great as any engineering problem in 
Product or Manufacturing, and from 
some standpoints much more vital. 

The meeting of this challenge de- 
pends, of course, upon the technical and 
executive leadership provided at all 
levels of the organization, from top to 
bottom. Hence the development of 
this leadership is the most important 
part of industry’s first task. 

This indicates to you, then, the basic 
field of service of this institution, for 
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it is to contribute to this task that the 
Institute is dedicated. While we par- 
ticipate in almost all types of training, 
the main objective of General Motors 
Institute is to contribute to the develop- 
ment of the executive and technical 
leadership required for the current op- 
erations and future progress of General 
Motors. 

When you analyze this over-all task 
of the Institute, it divides itself into two 
main branches. 


1. Education and training required 
for the development of present 
members of General Motors or- 
ganizations. 

2. Education and training required 
for the induction into the ranks 
of General Motors of young men 
of potential and with sound foun- 
dations, both technical and prac- 
tical, for development for future 
leadership positions. 


To satisfy the first requirement a 
very extensive program has been de- 
veloped that reaches thousands of Gen- 
eral Motors people each year, but this 
is somewhat apart from our theme of 
this evening. 

The Cooperative Engineering Pro- 
gram provides the Institute’s main con- 
tribution to the second. This contri- 
bution, of course, is only part of the 
whole, for it is recognized that sound 
progress in organization requires that 
channels be kept open for leadership 
potential from all ranks and all avail- 
able sources, and we do participate in 
various ways in other programs de- 
signed to keep these channels open, in- 
cluding the college graduate programs 
for graduates of your institutions and 
other colleges and universities through- 
out the country. 

Incidentally the Cooperative Engi- 
neering Program has had an important 
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supplementary value in that it has pro- 
vided a “steady productive load” which 
has made possible building and main- 
taing the organization required to deal 
effectively with all the varied educa- 
tional and training needs of the Cor- 
poration. 

Before outlining for you our experi- 
ence in this Cooperative Engineering 
Program I should refer briefly to our 
program research and development 
because it is so typically engineering. 
We have recognized that to make real 
progress in the development of leader- 
ship for all the various fields of the in- 
dustry requires an emphasis upon im- 
provement of educational and training 
methods similar to the emphasis upon 
research and engineering in the im- 
provement of products which has 
brought such progress in that field. 

Accordingly the Institute has made a 
constant effort to apply a sound re- 
search approach to the various prob- 
lems presented to it by the organiza- 
tions it serves. It also provides a cen- 
tral agency through which is pooled the 
best thought and experience of the 
Corporation in this field to the end 
that improved methods and materials 
may be developed and made available 
to all the divisions. This has been a 
major factor in the development of the 
Institute program. 

Turning now to the Cooperative En- 
gineering Program, I shall briefly re- 
view for you some of the more signifi- 
cant features in its development and in 
our experience in over twenty years 
of its operation. I shall then indicate 


how our efforts to improve the pro- 
gram led to the development of the 
new Fifth-Year Continuation Program 
and our experience so far in its func- 
tioning. 

As I have indicated, the original 
Engineering 


four-year Cooperative 
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Program was designed to provide one 
source of young men of potential with 
an engineering and practical founda- 


_ tion for future positions of leadership, 


From the beginning, emphasis has 
been placed upon capitalizing the unique 
relationship existing between the In- 
stitute and the cooperating organiza- 
tions and to pool the knowledge and 
experience of executives, scientists, and 
engineers of the Corporation with the 
knowledge and experience of the In- 
stitute faculty in the development and 
improvement of this program. 

An interesting factor in this con- 
nection is that the thirty members of 
the Board of Regents each of whom is 
in charge of a major division of the 
Corporation’s activities, are among the 
principal users of the graduates and 
therefore have an opportunity to com- 
pare and test results. 

The Cooperative Engineering Pro- 
gram has three parts which might be 
considered as three curricula. They 
are 


1. The engineering instruction pro- 
gram conducted at the Institute. 

2. The organized work experience 
training program at the plants, 
and 

3. A series of industrial and tech- 
nical reports coordinating the In- 
stitute and plant phases of the 
program. 


The engineering instruction program 
consists of two years basic engineering 
required of all students and two years 
of mechanical or industrial engineering 
specialized in several fields, and de- 
signed to prepare the student for future 
responsibilities in corresponding 
branches of the operations of the Cor- 
poration. 

This is indicated in graphic form by 
the attached chart which shows the first 
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THE GENERAL MOTORS 
FOUR-YEAR COOPERATIVE ENGINEERING PROGRAM 
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two year basic program, the major third 
and fourth year sequences and the 
specializations within those ‘sequences. 

The plant work schedules are care- 
fully planned in advance for each pair 
of students each year so as to provide 
sound experience training and to paral- 
lel the Institute phase of the program. 

Considerable effort was exerted in 
the early years of the program to de- 
velop ideal work schedules to be fol- 
lowed by all students in given years 
and sequences. Our experience, how- 
ever, has demonstrated that the vari- 
ables are so numerous that individual 
programs planned in advance for each 
pair of students provide the most ef- 
fective results. The schedules result- 
ing from the early work, however, have 
served as valuable guides in planning 
the individual schedules. 

The cooperative students are re- 
quired to write a coordination report 
during each four-week work period. 
This report program is also definitely 
planned for each pair of students each 
year in advance, and is designed to co- 
ordinate the instruction received at the 
Institute with the practical work experi- 
ence at the plant. 

The way in which these three phases 
knit together to form a “close-coupled” 
whole is indicated by this chart which 
is a typical program carried through 
by one of the students during his sen- 
ior year. 

The Institute has been fortunate that 
the large number of applicants has 
made its selection for admission highly 
competitive. The applicants are rated 
by the Institute from an educational 
standpoint and the plants then select 
their quota of students for each year 
from the approved list. The men thus 
selected are entered as employees of 
that organization in training for future 
responsible positions in its operations. 
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All other factors being equal, the 
plants in selecting their students give 
preference in this order: first, to pre- 
sent employees ; second, to members of 


employees’ families; third, to young 


men in the plant city; and fourth, to 
all others. 

Beginning students are admitted to 
the program for only the first two years 
and must qualify for reappointment for 
the third and fourth years by their 
records at the Institute and in the plant. 
The Institute, the plant, and the stu- 
dent all participate in this decision. 
This two-plus-two plan has proved to 
be much more constructive than the 
original plan of a four-year program 
with a two-year terminal. 

It also has another advantage. Un- 
der the original plan it was frequently 
difficult to get the plant to decide with 
the student as to the field of operations 
for which he was to be trained during 
the last two years. Now, to reappoint 
a student a plant must make this de- 
cision and indicate it to the Institute. 

The student’s program for the next 
two years is then directed by the head 
of that branch of the division. The 
work schedule, the specialization in the 
Institute courses, and the coordination 
report program are then designed to 
provide the training and experience 
needed to qualify for a significant be- 
ginning job in that field of work. This 
has been an important factor in the 
general effectiveness of the program. 

A definite follow-up program of the 
graduates is maintained. Surveys 
with both management and graduates 
are conducted annually to determine 
the progress of the graduates and to 
obtain suggestions for program im- 
provement. Many valuable suggestions 
received annually become cumulative 
in their indications of avenues of sound 
program development. 
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A TYPICAL SCHEDULE SUBMITTED FOR A STUDENT 
IN PROCESS ENGINEERING—DURING HIS FOURTH YEAR 





WORK SCHEDULE 
FOR FOUR-WEEK 
PERIODS AT THE 

PLANT 











_ 


iS) 


Ww 


. Methods 


FIRST SEMESTER 
Process Engineering— 
Assisting Hydraulic 
Engineer 


. Process Engineering— 


Detailing in layout, 
Installing, Mainte- 
nance 


and Time 
Study—Assist 
Methods and Time 
Study Engineers 








COORDINATION RE- 
PORTS, WRITTEN AT 
THE PLANT, COM- 
BINING ENGINEER- 
ING INSTRUCTION 
AT THE INSTITUTE 
WITH PRACTICAL 
EXPERIENCE FROM 
THE PLANT 








FIRST SEMESTER 


1. Hydraulics Applied to 
Mechanical Tools and 
Products 


2. Fundamentals of Time 
Study 


3. Reason and Purpose of 
Time Studies 








INSTITUTE COURSE 
FOR FOUR-WEEK 
PERIODS AT THE 

INSTITUTE 








FIRST SEMESTER 


Process Engineering 
Methods—Micromotion 
Study 
Manufacturing Costs 
Production and Quality 
Controls 
Nomographs: Special 
Slide Rules 
Principles of Psychology 
Directed Readings in 
Current Problems 
Employment Relation- 
ships 








bd 





_ 


SECOND SEMESTER 


. Methods and Time 


Study—Assist 
Methods and Time 
Study Engineers 


. Accounting—Labor 


costs, burden rate, 
financial statements 


. Accounting—Labor 


costs, burden rate, 
financial statements 








SECOND SEMESTER 


_ 


. Direct Application of 
Material and Labor to 
Cost 


2. Burden Development 


and its Application to 
Cost 


3. Coordination Report 


omitted for last month 
of 4th year 








SECOND SEMESTER 


Process Engineering 
Methods Planning—Time 
Study 


Manufacturing Costs 


Personnel-Management 
Controls 


Economics of Tools and 
Equipment 
Applied Psychology 


Directed Readings in 
Current Problems 


Coordination 
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Coordination Conferences composed 
of Institute faculty and the Corpora- 
tion executives responsible for the 
plant phases of the program are held 
annually, and sometimes more fre- 
quently, to consider the experience to 
date and to formulate plans for an im- 
proved program for the next year. 

Over the years this Cooperative En- 
gineering Program has been referred 
to as “a significant experiment in En- 
gineering Education because of its set- 
ting, its freedom of action and intel- 
ligent experimentation in program de- 
velopment, and its close relationship 
with modern industrial practice.” 

The record of the graduates, which 
after all is the test of an educational 
program, has demonstrated quite posi- 
tively we feel the soundness of the ex- 
periment. Prior to the war over 90 
per cent of the graduates, some 1,500 
in number, remained with the Corpor- 
ation and of these 93 per cent on the 
average were rated very good or good 
in the annual graduate surveys. The 
number reported unsatisfactory has 
been consistently very small—only %o 
of 1 per cent in the last full pre-war 
report, for example. Equally signifi- 
cant, 65 per cent of the graduates whose 
classes have reached the ten year point 
have qualified for the Ten-Year Grad- 
uate Key, meaning that they are with 
the Corporation in responsible charge 
of the work of others or have equiva- 
lent technical responsibilities. 

Naturally, since such a large per- 
centage of the graduates remain in 
General Motors and hence, as it were, 
on “the Institute’s doorstep,” this rela- 
tively favorable record has been most 
fortunate. In fact, we feel we have been 
very fortunate in our graduates. 

The war emergency, however, pre- 
sented the vital test of the entire pro- 
gram. The graduates were called upon 
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to meet new and rapidly expanded 
responsibilities with reference to new 
products and methods in the conver- 
sion to war production. They were 
also called upon in relatively large 
numbers to compete—or at least be 
subject to comparison—with graduates 
of other engineering colleges and uni- 
versities upon entering the Armed 
Services. ; 

Students in the enlisted reserve pro- 
gram at the Institute were transferred 
to other colleges in Army and Navy 
A-12 and V-12 programs and in many 
cases subjected to question by both 
other students and faculty because the 
Institute did not, as a matter of policy, 
grant degrees even though empowered 
to do so since the original charter was 
received from the state in 1927-28. 

The record throughout has been very 
encouraging as I believe you know. 
The contribution to the Corporation’s 
war conversion program was very con- 
siderable. In fact, Corporation leaders 
have frequently said to me that the In- 
stitute graduates were a vitally impor- 
tant factor in making the Corporation’s 
conversion record possible, and even 
that the conversion record would not 
have been possible without them. 

In the armed forces the record was 
equally creditable as was that of stu- 
dents transferred to other colleges. In 
fact, voluntary letters of congratulation 
were received from other colleges on 
the record of transferred students, the 
most striking, perhaps, from Yale 
where twenty-five of our students were 
transferred at the end of their junior 
year into the senior year of the V-12 
Program and finished with records that 
brought three of these letters. 

One fact that pleased us greatly was 
that these letters referred to the char- 
acter of these men, their ability to 
work, and their evidence of potential 
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leadership as well as to their technical 
ability. Recognizing the need for lead- 
ership based on a practical application 
of Christian principles, we have aimed 
to develop young men of sound char- 
acter as well as good engineers. 

I mention these facts to give you 
some indication of the results that have 
been obtained from this “close-coupled” 
Cooperative Engineering Program and 
also to provide a background for a 
brief outline of our experience in our 
latest advance step to which I shall now 
refer. 

As I have previously indicated, we 
have recognized over the years the 
need for constant emphasis upon pro- 
gram development. We could hardly 
continue to function in the dynamic 
automotive industry and in General 
Motors if we did not. 

In this connection we have been in- 
terested in the possibilities for im- 
provement of the transition from stu- 
dent status to engineering employee 
status upon graduation. 

In this, of course, we have not been 
alone, for we understand the degree to 
which this period of transition from 
college to work has been recognized 
as a difficult one and know something 
of the many things that have been done 
to help the young graduate make that 
transition more effectively, including, 
for example, the introduction of the 
professional orientation course into the 
curriculum at the University of Detroit 
so interestingly explained this after- 
noon. 

We have made corresponding efforts 
in our regular four-year program and 
along with this had been giving atten- 
tion in the years prior to the war to 
some form of continued experience 
training combined with continued tech- 
nical development in the year following 
the completion of the four-year pro- 
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gram. We were not too successful 
in this for a number of reasons, and the 
efforts were abandoned during the 
war. 

Following the war and implemented 
very largely by our war experience the 
efforts were resumed and resulted in 
what we have called the Fifth-Year 
Continuation Program of engineering 
project studies and work experience 
which was initiated with the graduates 
of the 1945 class last August. 

The program has been very carefully 
developed by the faculty working with 
a special committee of the Board of 
Regents and. was checked with several 
engineering educators from other in- 
stitutions before being put in final form 
and approved. In fact, I should like 
to recognize at this time the interest and 
the valuable reactions and suggestions 
received from Dr. Wickenden, Presi- 
dent of the Case School of Applied Sci- 
ence, and Dean Crawford of the Uni- 
versity of Michigan, and also from 
Professors Leutwiler of the University 
of Illinois and Elliott of the University 
of Wisconsin who came to us as an 
advisory committee through the very 
constructive interest and cooperation 
of the E.C.P.D. 

It has been a very stimulating ex- 
perience to develop this program and 
direct it so far, and I am certain you 
will find a brief review interesting and 
possibly suggestive. 

The objective of this Fifth-Year 
Program is two-fold. 


1. To provide for an orderly and 
effective transition from a pro- 
gram of directed development to 
one of self-development, and from 
a student status to that of an en- 
gineering employee. 

2. To provide opportunity for the 
student to broaden his training, 
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A FLOW CHART 


SHOWING THE RELATIONSHIP OF THE FIFTH-YEAR CONTINUATION 
(ENGINEERING) PROGRAM TO THE FOUR-YEAR CO-OPERATIVE 


ENGINEERING PROGRAM (BASED ON NORMAL CONDITIONS) 





THE FOUR-YEAR COOPERATIVE ENGINEERING PROGRAM BY MONTHS 
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The Fifth-Year Continuation (Engineering) Program by Months, at Plant 
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Ti Assigned classes at Institute: 28.0-38.0 hrs./wk. 


is Assigned home study at Institute: 19.5-31.5 hrs./wk. 
Classes plus home study at Institute: 56.7-68.5 hrs./wk. 


Normal work experience at Plant: 40 hrs. /wk. 

Assigned coordination report at Plant: 5 hrs./wk. 

Review of engineering studies, at Plant 

ae Assigned fifth-year project home studies at Plant: 12 hrs./wk. 
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demonstrate his engineering abil- 
ity and his capacity to assume 
responsibility, and to be evaluated 
by his employer under a contin- 
ued work experience program. 


The program as organized consists 
of two parallel and coordinated parts. 


1. Project studies designed to 
broaden his technical training and 
enable him to apply previously 
gained engineering knowledge. 

2. A work program designed to 
broaden his experience in the area 
for which his cooperative engi- 
neering training has prepared 
him. 


The project studies are composed of 
actual problems in the area of the stu- 
dent’s work assignments and are of 
such a nature as to be of importance 
to current or future operations of the 
Division. They, therefore, have a prac- 
tical significance in the student’s field 
of work and provide a test or measure 
of the student’s engineering ability. 

The relationship of the Fifth-Year 
Continuation Program to the preceding 
four-year Cooperative Program is in- 
dicated by this flow-chart in which are 
indicated the relative time requirements 
of the Institute and plant phases of the 
four-year cooperative program and also 
the full-time employment of the stu- 
dent during his Fifth-Year Program 
and the time requirement for his “home- 
work” on his project studies. 

The organization of the program 
from an operational standpoint has 
also been carefully worked out as is 
indicated by this chart. 

Plant committees for the adminis- 
tration of the program are appointed 
by the plant managements and the 
corresponding Institute committee by 
the Institute administration. The plant 
committee assigns the projects to ap- 
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proved students at their plant in con- 
sultation with the student and subject 
to approval by the Institute committee. 
The plant committee then appoints for 
each student a plant project adviser 
who is familiar with the field of the 
project study and interested more or 
less directly in its solution. The Insti- 
tute committee appoints a project su- 
pervisor for each student. For his 
work program the student reports to 
his supervisor in his department organi- 
zation who may or may not be his 
project adviser. 

To qualify for this Fifth-Year Pro- 
gram, the applicant must have success- 
fully completed the four-year Coopera- 
tive Engineering Program of the In- 
stitute and must have the approval of 
his cooperating plant or divisional com- 
mittee. 

The fifth-year students have been ex- 
pected to assume initiative and re- 
sponsibility for completing all the plans, 
project outlines, and details for their 
Fifth-Year Program, subject, of course, 
to necessary approvals. In this the 
student’s approach and his attitude 
combined with his ultimate findings in 
his project studies will determine his 
final rating. 

The student is required to make a 
report monthly or more frequently, if 
necessary, to his supervisor at the In- 
stitute and his adviser at the plant upon 
his progress in his project studies. 

He also makes monthly a work ex- 
perience report approved by the plant 
representative with copies to plant 
management and to the Institute. 

The graduating class of 1945 was a 
small one due to the war and the large 
percentage of the original enrollment 
serving in the Armed Forces. As a 
result there were just twenty-one grad- 
uates who qualified originally and en- 
tered upon the program. One was 
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forced to drop out early due to serious 
illness, and another for personal rea- 
sons. A report for the remaining 19 
was prepared and is available here if 
you are interested. The report gives 
the name of the student, his project, 
name and position of his plant adviser, 
name and department of the Institute 
supervisor, and the names and positions 
of his plant project committee. 
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their advisers and supervisors was held 
on February 11. Bringing together 
these “triple teams’”—students, ad- 
visers, and supervisors—to check the 
student’s progress to date and to lay 
plans for carrying his work forward 
to completion and then pooling ex- 
perience in a general conference has 
proved most constructive in maintain- 
ing the program on a high plane. 











Project Plant Adviser Institute Supervisor 
Lawrence Boyd, Special study of Heat- | Don Neal, L. B. Wocholski, 
GMC Truck and ing and Ventilating Ass’t Plant Engineer Science Depart- 
Coach of Plant 2 ment 
Walter Kauppila, Glass Breakage Con- | E. L. Kollmorgen, O. F. Whipple, 
Fisher-Lansing trol in- Auto Body Prod. Standards Ind. Engineering 
Manufacturing Superintendent Department 
Jordan S. Sobel, Torques Necessary to | C. W. Weedfall, E. K. Harris, 
Saginaw Steering Steer Automobile Senior Engineer Auto Eng. Dept. 
Gear Wheels under Static 
Conditions 














You would naturally question the 
effect of the strike which came so soon 
after the beginning of the program. 
We too questioned its effect and 
promptly called a conference of all the 
students concerned together with their 
advisors to meet with the Institute su- 
pervisors and project committees, at 
the Institute. 

This proved to be a very fortunate 
step, for the conference not only re- 
sulted in the formulation of plans for 
meeting the strike problem, but also 
proved so constructive in clearing up 
questions regarding the mechanics of 
the program and establishing a clear 
understanding of the relative respon- 
sibilities of students, advisers, and su- 
pervisors that the conference has now 
become part of the normal program 
procedure. 

A mid-year conference of all the stu- 
dents in the program together with 


These conferences, of course, are in 
addition to contacts by Institute super- 
visors at the plants and student con- 
tacts at the Institute for consultation 
and advice. These plant and Institute 
contacts follow no regular schedule, 
but are on an “as needed” basis. . 

Year-end conferences are planned for 
all students at the Institute in July and 
August to evaluate their finished proj- 
ect reports and test their knowledge of 
their subject and their understanding 
of the Engineering field involved. 

The program has now progressed to 
a point where. it is possible to make a 
relatively accurate appraisal of results 
with this initial class. 

Frankly the program was somewhat 
more difficult to administer than at 
first appreciated, but the record to date 
is quite promising. The cooperation 
of the plant and divisional managements 
and the men assigned to the plant com- 


















510 


mittees and as project advisers has been 
excellent. The men appointed to the 
committees have been well chosen. 
The projects assigned, with adjust- 
ments in some cases, have proved to 
be splendidly adapted to the basic ob- 
jectives of the program and the ad- 
visers are well informed and interested 
in the area of engineering involved. 
This was, of course, essential to the 
success of the program. 

The reaction of the plant manage- 
ments and men directly involved in the 
program as it has progressed has been 
favorable indeed. This was very ap- 
parent at the mid-year conference, for 
example, and in the way in which the 
extension of the program to the mid- 
year class of March and April was re- 
ceived and acted upon. 

The Institute committee and project 
supervisors have, of course, cooperated 
very well and one of the interesting by- 
products of the program is found in the 
values that are accruing to the faculty 
from the contacts with the work of the 
students in their projects and with the 
project advisers. 

The students, in a number of cases, 
got away to a somewhat shaky start. 
As a new, untried program, greater de- 
mands were made on the students from 
the standpoint of the exercise of indi- 
vidual initiative and independent analy- 
sis of their projects and action with 
reference to them than had been antici- 
pated. Steps were taken to meet this 
situation and the programs has been 
moving forward as planned. 

Of the 19 in the program, our latest 
progress reports indicate that 5 will 
finish with very good records, 5 with 
good records, 4 with fair records, and 4 
may not finish satisfactorily. This ac- 
counts for 18. The remaining man did 
not do the work, and has been dropped 
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from the program. This overall result 
is about in line with our. expectations. 

Turning now to values received and 
the extent to which the program is 
meeting its basic objective, the record 
is also favorable. The values to the 
student are unquestioned even in the 
cases of those who do not promise to 
finish satisfactorily. Their transition 
to the work areas to which they have 
been assigned has been facilitated. 
They have had a real opportunity to 
apply their engineering knowledge and 
ability to well-selected practical prob- 
lems of direct importance in their field 
of work and to demonstrate to them- 
selves and their managements their 
capacity and ability to deal with them 
and, fully as important, the “shortages 
or lacks” that they must overcome. 
Along with this and possibly most im- 
portant, they have had their horizons 
broadened and have gained a positive 
indication of the initiative and effort 
required of them as individuals to make 
real contributions to their profession 
and resulting progress for themselves. 

The direct contribution to the plants 
through the project work is not so 
uniformly on the positive side. In 
some cases real contributions are being 
made; in other cases the results are 
“interesting.” In one case at least the 
results so far are negative—a demon- 
stration of what not to try, which, in 
itself, is also constructive. However, 
this side of the situation does not seem 
to concern the plant managements. To 
them the results are positive to the de- 
gree that the program provides sound 
development for the student and 
reaches its basic objective which is 
their first interest. 

Hence to summarize—the program 
in this first year of operation has proved 
sound in concept, the mechanics have 
been well organized and carried for- 
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ward, and.the values accruing to the 
students indicate that its basic pur- 
pose and objectives are being reached. 

This leaves one further point that I 
should report to you, and that is the 
part that incentives have played in the 
record that has been made. One of 
the big reasons why the efforts made 
along this line before the war did not 
succeed was that there was not a suffi- 
ciently strong incentive to offset the 
handicaps of other conflicting interests 
and demands upon the student’s time. 

The war experience opened up the 
possibility of supplying the incentive. 
During the early part of the war it 
became clearly apparent that graduates 
of the Cooperative Engineering Pro- 
gram were being handicapped in their 
service to the war effort by the Insti- 
tute policy of not granting degrees. 
Fortunately this handicap was over- 
come by the caliber of these men as 
demonstrated to the Armed Forces. 
The effect, however, was to greatly in- 
tensify the demand, which has existed 
over the years from the beginning of 
the program, that the policy be changed 
and degrees granted.’ Furthermore, 
this demand was intensified against the 
background of this early war handicap. 
This was an important factor since the 
policy of the Board of Regents has al- 
ways been to serve the best interests 
of the students and graduates. 

Hence the stage was set. In view 
of the graduate record, it was natural 
that the initial demand was to grant 
degrees for the established program, 
but when the values that would be 
added by the Fifth-Year Continuation 
Program were appreciated, the wis- 
dom of adding the requirements of 
this additional year and using the de- 
gree to provide appropriate recognition 
and the needed incentive to make the 
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Fifth-Year Program successful _be- 
came apparent. 

Thus, with this extension to the 
Program, the Institute rounds out and 
completes its service to its engineering 
students and at the same time con- 
forms to the general pattern that has 
now been accepted by cooperative en- 
gineering colleges throughout the coun- 
try by adding the Fifth-Year require- 
ment. With the additional work, the 
students are enabled to acquire over 
the five-year period standard academic 
credits commensurate in number to 
those normally required for the Bach- 
elor’s degree without taking into ac- 
count the values derived from the work 
experience training in the plant. 

Recognizing as we do that in the last 
analysis the real measure of any edu- 
cational program is found in the results 
achieved by its graduates, the new ex- 
tended program should further 
strengthen and expand the outstanding 
results that have been obtained over 
the years so far by the graduates of the 
four-year Cooperative Engineering 
Program. 

In approving a year ago the initiation 
of the Fifth-Year Program, the Board 
was conservative and deferred definite 
action with reference to the degree 
pending actual experience in its use. 
The Board did indicate, however, that 
if the students in the first class demon- 
strated that they could carry the pro- 
gram through successfully, they would 
take definite action when this result had 
been achieved. In view of this and 
the obvious success of the program, as 
already reported to you, the Board of 
Regents has just taken action approv- 
ing the granting of appropriate Bach- 
elor’s degrees at the Commencement 
next August to those men who success- 
fully complete the requirements of the 
Fifth-Year Program. 
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To summarize, then, this is what 
we really have done: 


1. We have set up the Fifth-Year Con- 
tinuation Program to broaden the 
student’s engineering training and 
experience and to contribute to a 
more effective transition from stu- 
dent status to that of a full-time 
engineering employee and from a 
program of directed development to 
one of self-development for our Co- 
operative Engineering students. 

2. To accomplish this purpose we have 
made application of three recognized 
educational procedures. 

a. The internship—in the continued 
work experience training in the 
plants during the fifth year. 

b. The thesis—on a very practical 
basis in the project studies. 

c. The degree—to provide appropri- 
ate recognition of scholastic and 
professional achievement and the 
needed incentive to make the pro- 
gram effective. 


We recognize, of course, that this is 
our first model in this program and that 
it is not perfect. Improvements have 
already been made and undoubtedly 
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will continue to be made as we gain 
further experience, but so far, as I have 
reported to you, we are very much en- 
couraged with the way in which these 
applications of these three procedures 
are contributing to our objectives. 

We were somewhat surprised to have 
one of the engineering educators with 
whom we conferred indicate that our 
experience in this program might make 
a significant contribution to engineer- 
ing education. If it does, we shall, of 
course, be very happy, but in any event 
we are convinced that it is adding very 
real and significant values to our Co- 
operative Engineering Program and to 
its graduates. 

This then is the rather intimate re- 
view, as requested by your committee, 
of our experience in this “close- 
coupled” Cooperative Engineering Pro- 
gram and the way in which it contrib- 
utes to the personnel development pro- 
gram of General Motors Corporation. 

Weare sincerely trying to fit into our 
niche, develop a program to meet our 
specific situation, and render the maxi- 
mum service possible to our students, 
the Corporation, and in that way to the 
people of the State and Nation. 
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Employment Histories of Engineering Graduates“ 


By EVERETT D. HOWE 


Assistant Dean, College of Engineering, University of California 


Employment after graduation is the 
chief incentive for the study of engineer- 
ing. The type of employment actually 
obtained and the success achieved 
therein are dependent upon many fac- 
tors, among the more important of which 
are personal characteristics, the degree 
of technical competence and the general 
economic and employment conditions 
which obtain at the time of graduation. 
The primary aim of an engineering cur- 
riculum is to develop a satisfactory de- 
gree of technical competence for the 


* Presented at the 54th annual meeting, 
S.P.E.E., St. Louis, June 20-23, 1946. 


type of work in which the individual is 
likely to become engaged. 

In connection with its recent studies 
of the curricula being offered, the Col- 
lege of Engineering at the University 
of California at Berkeley decided to 
survey its graduates to determine the 
principal types of work which had been 
obtained by them. Accordingly a ques- 
tionaire was formulated and mailed to 
some 3,000 graduates who had received 
degrees in the 23 year period between 
1920 and 1942 inclusive and whose 
present addresses could be obtained. 
Approximately half of the questionaires 


TABLE I 
DISTRIBUTION OF REPLIES BY CLASS YEARS 














C.E. E.E,* M.E. M. & M. Totals 
Class Years 
Degrees | Replies} Degrees | Replies} Degrees | Replies | Degrees | Replies | Degrees | Replies 
Awarded | Rec’d | Awarded | Rec’d | Awarded} Rec’d | Awarded| Rec’d | Awarded} Rec’d 
1920 13 4 ps 5 *#44 3 16 5 73 17 
1921, °22, '23 71 12 am 16 *155 14 73 21 299 63 


1924, ’25, '26 99 16 se 56 
1927, '28, 29 124 35 = 49 
1930, '31, '32 187 52 = 33 
1933, ’34, ’35 162 45 183 68 
1936, ’37, 38 207 73 219 80 
1939, ’40, ’41 251 | 101 257 85 

1942 194 15 192 45 


*326 28 96 21 521 121 
*299 30 75 16 498 130 
*278 36 47 10 512 131 
183 48 67 26 595 187 
260 91 105 49 791 293 
356 | 149 173 67 | 1,037 402 
346 70 84 21 816 151 





Totals 1,308 | 353 851 437 

















2,247 | 469 736 236 | 5,142 | 1,495 























* These figures include degrees in both M.E. and E.E. 
** Degrees in E.E. included with those in M.E. for these years. 
C.E. = Civil Engineering. 
E.E. = Electrical Engineering. 
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M.E. = Mechanical Engineering. 
M. & M. = Mining and Metallurgy. 
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were returned by the graduates, the 
distribution between classes and cur- 
ricula being given in Table I. 

The face of the questionnaire is 
shown in Fig. 1. It is seen that two 
major questions appear on the question- 
naire, the first dealing with the positions 
held during the first five years and the 
second with the succeeding positions. 
The graduate was asked to suggest the 
classification for the several positions 
held by him. The results were reason- 
ably successful since only a small per- 
centage of all the positions held could 
not be classified. It will be noted that, 


1, Name. 


Degree. 





2. Transferred to College of Engineering, Berkeley, from. 
A fle eeecseveeeeeeoonenYears of attendance. 
§- Permanent Mailing Address: 


4. Present Occupation: 
a. Armed Services: 





Branch 








b. Civilian: Employer 





Rank...... 





6. Positions Held During First Five Years After College: 
EMPLOYER PROFESSIONAL FIELD® 
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in addition to information on employ- 
ment histories, there were questions 
relating to post-war employment and 
college studies. Answers to these ques- 
tions have been used in the placement of 
returned veterans and in the formula- 
tion of programs for the engineering 
extension offering of courses. 

The results of the survey are given 
compactly in Tables II to VI inclusive. 
Table II summarizes data relating to 
the first positions held by engineering 
graduates, classified both as to profes- 
sional field and as to function. The 
information in the table reflects the 


ME. Metall. 
Min. Pet. Eng. 
: Ch neck One) O 


NUMBER AND STREET; CITY, POSTAL ZONE; STATE 
wesecantescpinencensbecsdioscineesiucce’> ma 
Do you want to make the armed services your postwar 


Date Employed 
.. Do you consider your present position permanent [] or temporary []. 
§ Placement: Do you wish placement assistance? Yes] No[]. At present: 


Yes) No[). Geographical area preferred: 


POSITION HELD 
(Give Exact Title) 


FUNCTIONT 

















7. Principal positions since First Five Years After College: 
EMPLOYER PROFESSIONAL FIELD 




















POSITION HELD 
(Give Exact Title) 











g. Do you plan further study at the University of California? At Berkeley: Yes) No [. 
evening extension courses [] 


in full-time study F] part-time study [] 





At Los Angeles: Yes] No [). Are you 


or institutes []? 


10. What courses would be of most benefit for your particular nceds:..............-cseseesescssesessueseesneceensece 





Date. 





Return to Room 220 Engineering Building, Berkeley 


FIGURE 1] 
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1 employ- organization of the College of Engi- questionnaires the following nine 
questions neering since the degrees classified as groups were defined as indicated: 
ment and “M. & M.” include all degrees in the ; . o 
1ese ques- fields of mining, metallurgy, petroleum 1. Apprentice Engineer—positions 
cement of engineering and economic geology. whose chief purpose 1s orientation 
formula- From the classification by Professional and to which but little responsi- 
gineering Fields it will be seen that most of the bility for production 1S assigned. 
graduates found their first positions in A good example is the position of 
are given their major fields. The greatest diver- student engineer in any of the 
inclusive. gence is found in mechanical engineer- large companies which operate 
elating to ing and the least in civil engineering. training programs. Positions 
gineering The classification of positions by such as draftsman or rodman are 
to profes- functions is relatively difficult due to also included in this group. 
on. The the lack of sharp lines of demarcation. 2. Production, Construction and 
flects the After some preliminary studies of the Maintenance—positions of vari- 
TABLE II 
ee Cee CLASSIFICATION OF First POSITIONS 
ere a A. Professional Fields—All Positions. 
eet ii vapisieniuain 
tees aa ee Professional Field of First Position 
aaa Bi ae Lee aie ae 
Civil Engineering 323 15 15 12 
suisse : Chemical Engineering 2 re 9 3 
Electrical Engineering 2 329 16 0 
DURATION Mechanical Engineering 1 24 311 13 
gener =a Mining Engineering = 1 2 76 
ee * H Metallurgy — — 2 18 
alia Re Petroleum Engineering . 2 6 19 79 
Aca Bt Economic Geology = — — 14 
ene Non-Engineering 16 34 27 4 
\eronautics, etc. Armed Services 18 29 31 15 
— B. Functional Placement—Engineering Positions Only. 
‘ C.E. E.E. M.E. M. & M, 
1. Apprentice Engineer 83(25%) | 77(25%) | 94(25%) | 38(17%) 
2. Production, Operation and Construction 74(23%) | 99(26%) | 71(19%) | 87(40%) 
3. Testing and Inspection 6(02%) | 29(08%) 26(12%) 
4. Estimating 22(07%) | 16(04%) 30(14%) 
5. Teaching 2(06%) | 14(04%) | ,9(02%) | 2(01%) 
6. Sales 7(02%) | 28(07%) | 17(05%) | 6(03%) 
7. Design and Sales 90(27%) | 65(17%) |115(31%) | 6(03%) 
8. Research 15(05%) | 41(11%) | 62(17%) | 21(10%) 
9. Administration 5(02%) | 3(.8%)| 6(02%) 1(.5%) 
ps LS ae eo 10. Unclassified 26(08%) | 3(.8%) 1(.5%) 
sang Berkely Cal 330 375 374 218 



































ous levels of responsibility and 
which contribute directly to. the 
manufacturing or erecting opera- 
tions. Examples are resident en- 
gineer, plant engineer, field engi- 
neer. 


. Testing and Inspection positions 


are exemplified by test engineers 
on ship trials and by inspectors of 
finished products. 


. Estimating and Valuation posi- 


tions include stream gaging, prop- 
erty appraisals, production cost 
estimating. 


. Teaching positions include both 


high school and college work. 


. Sales positions are those in which 


the emphasis is apparently more 
on the fiscal aspect than on the 
technical aspects of the problem. 


. Design positions include techni- 


cal design, consultation, product 
development, design and sales en- 
gineering in which the predomi- 
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nant characteristic is the fitting of 
a product to an existing need. 

8. Research positions exemplified by 
those in the organizations of large 
electrical manufacturing concerns 
such as the General Electric Com- 
pany. 

9. Administrative and Supervisory 
positions have to do with the di- 
rect operation of acompany. Ex- 
amples are owner-operators of 
small companies, plant manager, 
business manager, city manager. 


Referring to the second part of Table 
II certain observations may be made. 
Between 4 and % of all first positions 
were in the apprentice engineer classi- 
fication. In the fields of production, 
testing and inspection and estimating, 
the M. & M. positions comprised two- 
thirds of all the positions held by M. & 
M. graduates, whereas for M.E. gradu- 
ates the positions in these groups 


TABLE III 


CLASSIFICATION OF ALL PosITIONS HELD By FUNCTION 
Civil Engineering Graduates 





























Years After Graduation , 

0-5 5-10 10-15 15-20 

No. (%) | No. (%) | No.(%) | No. (%) 

1. Apprentice Engineer, Surveying, Drafting 112 (18) 9 (02)} 1 (17) 0 (0) 
2. Construction, Production 114 (19) } 64 (17) | 28 (16) | 15 (17) 
3. Testing, Inspection 17 (03) 6 (02)} 3 (02) 0 (0) 
4. Valuation, Estimating 40 (07) | 23 (06) | 10 (06) 3 (03) 
5. Teaching 6 (01) 7 (02)| 3 (02) 2 (02) 
6. Sales 11 (02) 6 (02)} 5 (03) 4 (03) 
7. Design, Design and Construction 166 (27) | 119 (32) | 54 (31) | 21 (24) 
8. Research 27 (04) | 17 (05) | 10 (08) 5 (06) 
9. Administration, Supervision 9 (01) | 16 (04)| 16 (09) | 19 (22) 
10. Non-Engineering 16 (03) 9 (02)} 11 (06) 7 (08) 
11. Armed Services 52 (09) | 71 (19) | 25 (14) 7 (08) 
12. Unclassified* 36 (06) | 25 (06) | 10 (06) 3 (03) 





* These positions were specified in the questionnaires as Hydraulics or Sanitary with no 


specification as to the functional duties involved. 
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15-20 
No. (%) 


0 (0) 
15 (17) 
0 (0) 
3 (03) 
2 (02) 
4 (03) 
21 (24) 
5 (06) 
19 (22) 
7 (08) 
7 (08) 
3 (03) 


, with no 
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TABLE IV 


CLASSIFICATION BY FUNCTION OF ALL PosITIONs HELD 
Electrical Engineering Graduates 

















Years After Graduation 
0-5 5-10 10-15 15-20 
No. (%) | No. (%) | No. (%) | No. (%) 
1. Apprentice Engineer, Surveying, Drafting 92 (13)} 6(01)} 0(0) 0 (0) 
2. Operation, Production, Construction, Main- | 154 (22)| 77 (18) | 37 (16) | 18 (13) 
tenance 
3. Testing, Inspection 41 (06)| 15 (03) 7 (03) 2 (01) 
4, Valuation, Estimation 30 (04) | 23 (05)| 11 (05) | 12 (08) 
5. Teaching 28 (04) | 26 (06)| 17 (07) 8 (06) 
6. Sales 46 (06) | 34 (08) | 20 (08) 7 (06) 
7. Design, Design and Sales Application, Design | 144 (20) | 105 (24) | 60 (25) | 33 (23) 
and Construction 
8. Research Development 61 (09) | 35 (08) | 17 (07) | 12 (08) 
9. Administration 6 (.8)| 19 (04) |} 22 (09) | 23 (16) 
10. Non-Engineering 41 (06) | 15 (03)| 16 (07) | 11 (08) 
11. Armed Services 61 (09) | 75 (17) | 24 (10) | 13 (09) 
12. Unclassified 8(.9)| 8(02)} 6 (3) | 3 (02) 

















amounted to only one-fifth of the total. 
The classification of design included 
more than one-fourth of all M.E. and 
CE. positions but much smaller frac- 
tions of E.E. and M. & M. positions. 
Research positions were most numer- 
ous in M.E. and least in C.E. The im- 
plications of these data, as far as en- 
gineering curricula are concerned, seem 
to emphasize the importance of pre- 
paring the graduate for work in pro- 
duction or design immediately after 
completion of his undergraduate work. 

Turning now to Tables III to VI in- 
clusive, it should be noted that the 
figures given refer to positions rather 
than to men. Thus the totals in any 
column would exceed the number of 
replies if the average man had held 
more than one position. For example, 
in the first column of Table III a total 
of 364 replies gave 606 positions, so that 
the average man held 1.7 positions in 
the first five years. 





Comparison of the tables shows defi- 
nite and different trends in the func- 
tional occupations of graduates in the 
several curricula. For example, the 
construction and design functions for 
civil engineering graduates continue 
through the years at a nearly constant 
value, whereas the administration and 
supervision function increases slowly 
but markedly. The same general 
trends are observed in Table IV for 
electrical engineers but the correspond- 
ing groups in mechanical engineering 
(Table V) show a definite decrease in 
the production function. © Research 
furnishes more positions for mechanical 
engineering graduates than it does for 
any of the others. The positions of 
graduates in mining and metallurgy are 
seen to increase in the valuation and 
estimating functions and to be almost 
totally lacking in the design function as 
the years out of college increase. 

This survey has certain implications 
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TABLE V 


CLASSIFICATION BY FUNCTION OF ALL PosITIONS HELD 
Mechanical Engineering Graduates 


















































Years After Graduation 
0-5 5-10 10-15 15-20 
No. (%) | No. (%) | No. (%) | No. (%) 
1. Apprentice Engineer, Drafting, Surveying 108 (15)} 4 (3) 0 (0) 0 (0) 
2. Production, Construction, Maintenance 
3. Testing, Inspection 124 (17) | 55 (16) | 19 (13) 6 (8) 
4. Valuation, Estimation 
5. Teaching 24 (3) 14 (4) 7 (5) 4 (5) 
6. Sales 45 (6) 34 (10) | 12 (8) 4 (5) 
7. Design, Design and Sales 197 (27) | 118 (35) | 43 (29) | 20 (27) 
8. Research 84 (12) | 29 (9) | 18 (12) 8 (11) 
9. Administration 13 (2) 25 (7) | 28 (19) | 24 (34) 
10. Non-Engineering 32 (4) 14 (4) 9 (6) 5 (7) 
11. Armed Services 103 (14) | 32 (10) } 10 (7) 2 (3) 
TABLE VI 
CLASSIFICATION BY FUNCTION OF ALL PosiTIONs HELD 
Mining and Metallurgy Graduates 
Years After Graduation 
0-5 5-10 10-15 15-20 
No. (%) | No. (%) | No. (%) | No. (%) 
1. Apprentice Engineer, Drafting, Surveying 42 (11)} 1(.5) | 0(@) 0 (0) 
2. Production, Operation, Construction 143 (38) | 76 (34) | 24 (24) | 12 (17) 
3. Sampling, Assaying, Valuation, Testing 43 (11)} 8 (04) 4 (04) 4 (06) 
4, Geologic Survey, Exploration, Development, | 46 (12) | 39 (18) | 23 (23) | 16 (23) 
Exploitation 
5. Sales 10 (03) | 10 (05) 7 (07) 5 (07) 
6. Design 17 (04) | 12 (05) 2 (02) 1 (01) 
7. Research 31 (08) | 14 (06) 6 (06) 4 (06) 
8. Teaching 7 (02)} 6 (03) 6 (06) 4 (06) 
9. Administration 4 (01) | 16 (07) | 19 (19) | 17 (25) 
10. Non-Engineering 4(01)} 8 (04) 6 (06) 4 (06) 
11. Armed Services 31 (08) | 29 (13) 2 (02) 1 (01) 
12. Unclassified 3.(01)} 2 (01) 1 (01) 1 (01) 

















as to the content of curricula and 
courses. These implications involve not 
only the subject matter of courses but 
also the secondary objectives of courses 
which pertain to skills and techniques 
useful on first positions. Sweeping 





conclusions may not be drawn since the 
data presented are peculiar to the Uni- 
versity in that the graduates of this in- 
stitution locate permanently on the west 
coast for the most part. The west 
coast does not present the same oppor- 
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tunities for industrial employment that 
would be found in other sections of 
the country. 

Thanks are here rendered to the 
several persons directly connected with 
the survey and its summary. Deans 


L. M. K. Boelter and M. P. O’Brien 
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strongly supported the survey. The 
questionnaires were prepared and 
mailed under the direction of Miss 
Violetta Lane, Administrative Assist- 
ant, and summary of data was as- 
sembled by Mr. S. N. LeCount, Ad- 
ministrative Assistant. 











Electric Training for Industry 


A Survey of Electric War Training Programs Conducted by the 
University of California in Cooperation with the 
U.S. Office of Education 


By CHARLES F, DALZIEL, SAMUEL P. WELLES, and HAROLD A. MOOMAW * 


Technical training was largely re- 
sponsible for the successful transforma- 
tion of California from a predominantly 
agricultural economy to a wartime in- 
dustrial economy chiefly concerned with 
building and repairing ships and planes. 
Technical training to meet immediate 
industrial needs was especially designed 
and supervised by seven educational 
institutions within the State under the 
Engineering Science and Management 
War Training Program financed by 
the Federal Government through the 
U. S. Office of Education. The suc- 
cess with which the assignment was 
carried out, while impressive, would 
not justify postwar discussion were it 
not possible that peacetime emergencies 
or future wars may present mass edu- 
cational problems on which E.S.M. 
W.T. experience may suggest methods 
of attack. 


* Authors: Charles F. Dalziel is Associ- 
ate Professor, Electrical Engineering, Uni- 
versity of California, Berkeley. From Sep- 
tember, 1941 to September, 1944 he was Edu- 
cational Supervisor E.S.M.W.T. Samuel P. 
Welles is Senior Curator, Museum of Pale- 
ontology, University of California, Berkeley. 
From December, 1942 to June, 1945 he was 
Assistant Supervisor E.S.M.W.T. Berkeley. 
Harold A. Moomaw is Instructor, Santa 


Ana Junior College, Santa Ana, California. 
From February, 1944 to June, 1945 he was 
Area Supervisor E.S.M.W.T. Long Beach. 
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Over 200 educational institutions 
throughout the nation participated in 
the effort, each offering courses de- 
signed to meet special technical train- 
ing requirements as they developed. 
The University of California became 
the largest participant, enrolling over 
150,000 men and women in 4,400 
courses under direction of Professor 
Morrough P. O’Brien, Dean of the Col- 
lege of Engineering at Berkeley. 

Facilities for conducting classes were 
organized on a state-wide basis. In 
addition to using the several campuses 
and other facilities of the University. 
emergency war training centers were 
established in industrial centers and 
many classes were offered in the train- 
ing buildings maintained by the train- 
ing departments of the larger industries. 
Although courses were offered covering 
the fields of engineering, science, and 
management, this paper is limited to 
electrical war training programs de- 
signed to train or upgrade engineers, 
journeymen electrician, and techni- 
cians in the various war industries of 
the State, with emphasis given to ship 
production, maintenance, and operation. 
Experience gained in this emergency 
training is summarized here in the-hope 
that it may offer practical suggestions 
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to others confronted with similar prob- 
lems. 

The chief objective of the program 
was to supply sound training as a basis 
of attack on personnel shortages and 
deficiencies in war or essential indus- 
tries. From the beginning in February, 
1941, it was obvious that the desper- 
ately needed technically trained workers 
could not be produced overnight. 
Three major aims were practical: (1) 
to bring practicing engineers up to date 
on new developments; (2) to assist 
engineers from other fields in changing 
over to electrical or radio engineering ; 
(3) to upgrade skilled mechanics and 
technicians. 

In general, instruction was offered on 
three levels: 

(1) Courses for skilled mechanics 
and technicians: These men were not 
always high school graduates; how- 
ever, they had completed craft training, 
had practical experience in their posi- 
tions, and were potential or current su- 
pervisory personnel. Frequently, they 
were poorly prepared in mathematics 
and physics so that courses were of 
necessity descriptive in nature, and the 
educational program expanded _hori- 
zontally, that is, successive courses were 
limited to the same technical level 
rather than progressing in technical 
difficulty. 

(2) Courses for students having 
satisfactory backgrounds in mathemat- 
ics and physics, such as those with 


junior college training: At this level . 


the sequence of courses expanded verti- 
cally, that is, they increased in technical 
difficulty as do ordinary college 
courses. 

(3) Courses for practicing engi- 
neers: Successive courses progressed 
vertically at a much faster pace than at 
the two sub-professional levels. 

Approximately ten per cent of the 


ELECTRIC TRAINING FOR INDUSTRY 








521 


151,202 enrollees in war training 
classes were in electricity or in courses 
closely associated with electrical en- 
gineering. The total enrollment was 
of less significance than was the quality 
of the trainees and their practical op- 
portunity to use the training to advance 
the war effort. Selection of trainees 
was made with as much care as the war- 
time rush would allow, and prerequi- 
sites for courses were written to screen 
out, as far as possible, applicants who 
were not equipped for the work. Aca- © 
demic prerequisites were used for pro- 
fessional courses presenting subjects 
normally given as part of an engineer- 
ing curriculum. For many low-level 
but badly needed courses, such as those 
designed to develop supervisors or 
technical workers, it was necessary to 
broaden the prerequisites to admit the 
mature students with practical experi- 
ence, or else the trainees of greatest 
potential use to industry would have 
been eliminated. In general, the mini- 
mum prerequisite was high school 
graduation or equivalent education, or 
satisfactory completion of a qualifying 
examination in subject matter basic to 
the work of the course, and employed or 
employable in a war industry. 

A student was admitted to these war 
training courses according to an esti- 
mate of his probable success made by 
the E.S.M.W.T. supervisor and based 
on: (1) an analysis of the applicant’s 
background of education and experi- 
ence as shown by his application blank, 
(2) his score on a qualifying examina- 
tion covering knowledge essential to the 
course, and (3) a personal interview 
when the information from the first two 
sources was inconclusive. No one of 
these means of rating applications pro- 
vided accurate measures of likely stu- 
dent success. An industrial training 
program less rushed for time might well 








522 


study, with the help of a testing spe- 
cialist, both vocational tests and stand- 
ardized achievement tests as a means 
of student selection. 

Electrical classes generally consisted 
of 2 to 2% hours of lecture or 3 hours 
of laboratory and met once a week for 
15 to 20 weeks. Instruction was con- 
ducted at various technical levels in 
electrical theory, design, operation, 
maintenance and repair, and in the 
fields of electric power, marine pro- 
pulsion, communications, and industrial 
electronics. Public classes were con- 
ducted in war training centers in Berke- 
ley, San Francisco, Long Beach, and 
in various high schools and junior col- 
leges located near vital industries. The 
public classes were effective in train- 
ing both engineers and electricians for 
war industries which lacked sufficient 
personnel to support individual classes. 
These classes were usually conducted 
at higher technical levels than the in- 
plant classes, many were of strictly 
graduate level, and advanced courses 
were given in radio communications, 
ultra high-frequency phenomena and 
industrial electronics. Public courses 
were of necessity more general than in- 
plant courses, and inevitably included 
material of secondary interest to some 
of the class members. As the national 
organization for war matured, the need 
for training shifted from preparation 
for initial employment in war produc- 
tion to training aimed at improving the 
knowledge and efficiency of employed 
personnel. The different needs, to- 
gether with the growing recognition of 
E.S.M.W.T. by industrial management, 
fostered in-plant courses as an effective 
means of providing training in specific 
requirements for the satisfactory per- 
formance of a department or of a group 
of employees within a given plant. 
Members of in-plant courses were a 
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homogenous group as far as interests 
and production experiences were con- 
cerned. This established effective 
learning situations. The instructor, 


‘after consultation with management, 


and an inspection of the plant, knew 
the make-up of his class, the jobs be- 
ing done by the students, and their re- 
lationship to other jobs in the plant. 
Thus, it was possible to plan course 
contents to achieve specific results and 
to avoid irrelevant material. In-plant 
classes were held on company time, part 
time, or after working hours. 

Many difficulties were encountered 
in organizing the program. Industrial 
contacts already established by various 
University departments, notably the 
College of Engineering and University 
Extension, gave the program an initial 
point of departure. This was helpful 
but inadequate in a state so affected by 
the impact of war. Early consultation 
with industrial executives vital to na- 
tional defense indicated little or no ree- 
ognition of the need for technical train- 
ing to combat personnel shortages and 
production problems. From the be 
ginning, a continuous and aggressive 
plant-by-plant canvass was carried on 
by E.S.M.W.T. supervisors who were 
qualified professionally and practically 
to recognize production problems and 
training needs, and to recommend pos- 
sible solutions. Helpful information on 
local war contracts and manpower 
needs was secured from Chambers of 


_ Commerce, manufacturing associations, 


engineering societies, war-production 
councils, the War Manpower Com- 
mission, U. S. Employment Service, 
and other federal agencies. Local “men 
wanted” ads, state employment statis- 
tics, and manpower,surveys were stud- 
ied. Courses in technical subjects re- 
lated to an industry were offered in 
the vicinity of the larger plants, and lo- 
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cal facilities were established in stra- 
tegic industrial areas in anticipation 
that technical training would gain ac- 
ceptance as a means of improving pro- 
duction. 

Theoretically, the determination of 
training needs should be a function of 
the Training Department of the com- 
pany concerned. Unfortunately, few 
such departments in large war plants 
were close enough to all other divisions 
in their company to be cognizant of all 
training needs; furthermore, the train- 
ing departments in new plants were 
forced by circumstances to devote most 
of their attention to training large num- 
bers of employees in a few manual 
skills. As a result, the needs of rather 
small groups for specialized training 
were often overlooked. 

The success of the E.S.M.W.T. pro- 
gram depended in a large measure on 
the type of instructors it was possible 
to recruit. Experience proved that in- 
structors must possess both practical 
and theoretical knowledge, be genuinely 
interested in their subject and students, 
and like to teach. The pressure of ex- 
panding Western industry created com- 
petition for the services of engineers 
and others capable of teaching technical 
subjects, and made it generally pre- 
ferable to use part-time rather than full- 
time instructors. It was recognized 
early in the program that the supply of 
professional teachers was totally inade- 
quate, and it was necessary to obtain 
qualified engineers from various sources. 
Securing a competent staff, even on a 
part-time basis, was difficult and at 
times seemed almost impossible. Man- 
ufacturers of equipment being installed 
on the ships supplied men to teach 
courses on installation and operation. 
Power utility engineers discussed prob- 
lems of electrical maintenance. Plant 
engineers discussed yard layout, main- 
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tenance, and current problems, and of- 
ficers were obtained from the services 
to discuss equipment classified as to 
security. 

Acknowledgment and appreciation is 
due the electrical manufacturers, utility 
companies, and various branches of the 
armed forces for allowing their heavily 
loaded engineers to undertake the ad- 
ditional burden of instruction. Most 
of the success of the electrical program 
can be directly attributed to this far- 
sighted policy of cooperation. 

In a program largely dependent upon 
industrial personnel for a teaching staff, 
rates of compensation must take into 
account the instructor’s position and 
salary, his professional or technical edu- 
cation and experience, and the amount 
of time he is to devote to course prepa- 
ration, local travel, and classroom 
teaching. The civilian aspect of the war 
was fought on a pay basis. Under 
similar conditions in the future, techni- 
cal training must meet the going wage 
which the instructor can earn at his 
profession in the community, or lower 
its standards by hiring men who can- 
not meet industrial requirements. 

Aggressive publicity, both in making 
war industries aware of E.S.M.W.T., 
and in the promotion of scheduled 
classes, played a major part in en- 
couraging greater use of E.S.M.W.T. 
In completing arrangements for in- 
plant courses, the University supervisor 
included an offer to supply posters, in- 
dividual course announcements, house 
organ stories, and other helpful pub- 
licity material, and also emphasized to 
company executives the importance of 
seeing that this material was properly 
distributed and supplemented with pro- 
motional aids of their own. 

One of the greatest obstacles at the 
beginning of the program was the in- 
difference, and in some cases hostility, 
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of management toward University- 
sponsored training. Many felt that the 
workers should be forced to learn the 
“hard way,” without the benefit of free 
education. Some superintendents 
frankly stated that they wanted their 
workers kept in ignorance lest they be- 
come discontented with their work, or 
lest they demand higher wages. How- 
ever, one or two courses were usually 
sufficient to establish the worth and 
need for training; subsequent courses 
received less opposition, and toward 
the end of the war, training on com- 
pany time, with Navy or Maritime 
Commission approval, was exceedingly 
helpful. 

Student response to electrical train- 
ing has always been good. In fact, in 
many plants the class attendance was 
many times original estimates. In- 
dustrial workers showed an eagerness 
to acquire the technical backgrounds 
to their vocational skills in spite of ob- 
stacles such as poor company attitude, 
transportation, housing, sickness, over- 
time, and constantly changing work 
schedules. 

The most important factor determin- 
ing the success of in-plant programs 
was the attitude of the electrical super- 
intendent. In future programs, one 
should plan to spend much time and 
effort in convincing supervisors, per- 
sonnel, and top management of the 
value and need for technical training, 
and the now quite generally recognized 
fact that technical training does increase 
production. One should also make 
every effort to begin large programs as 
early as possible, for the benefits of 
training are often long delayed. Too 
often have we encountered the belated 
realization that “this training is badly 
needed, but the course should have been 
given a year ago to do any good now!” 
Another source of friction was that a 
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plant would occasionally find its best 
trained men stolen by a competitor, and 
would therefore be reluctant to serve 
as a school for the industry. This cir- 


" cumstance can be overcome only by co- 


operation between government, labor, 
and management, and the adoption of 
an over-all training policy for a given 
industry. 

It is difficult to evaluate an industrial 
technical training program. Ships are 
not launched days ahead of schedule 
because of one electrical class, and al- 
though technical instruction is ad- 
mittedly necessary in the electrical field, 
any single class may add but little to 
the reservoir of knowledge available to 
a particular group. Nevertheless, tech- 
nical knowledge has been the driving 
force behind the production miracle re- 
cently wrought, and each class con- 
tributed its increment. War Training 
helped to meet the shortage of engi- 
neers and _ skilled technicians, and 
helped to maintain a group of ade 
quately trained men in the electrical 
departments. In addition, it effected 
innumerable savings or innovations, 
some of which are noteworthy and are 
mentioned later in this discussion. 

The University of California con- 
ducted electrical training programs in 
twenty-one shipyards throughout the 
State. This included all but the small- 
est yards or repair bases. Some of the 
larger yards established electrical train- 
ing organizations, constructed class- 
rooms, and in one instance equipped a 
modest electrical laboratory. In most 
cases, E.S.M.W.T. used classrooms 
provided by the yard training depart- 
ments. Some of the smaller yards had 
no training facilities, and a portable 
blackboard in one corner of the electric 
shop, or mold loft sufficed. Many 
classes were conducted under very un- 
favorable conditions. Inexperienced 
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instructors carried on in spite of ever 
present distractions such as wide vari- 
ations in attendance due to overtime, 
men dirty and tired from the day’s 
work, and high noise levels. A spot 
check at one location indicated that an 
average of 1914 steam trains passed 
within a few feet of the class during 
the two-hour period. Considering such 
handicaps, the results are indeed sur- 
prising. 

A careful study indicates high cor- 
relation between the intensity of elec- 
trical training and the success of the 
various yards. The correlation is most 
apparent when one compares the suc- 
cess of E.S.M.W.T. training with the 
abilities of the yards to change over 
from simple types of vessels to the com- 
plicated succeeding types or to repair 
work. Lack of space precludes detailed 
treatment ; however, the following ex- 
amples are of special interest. 

Electrical training was started at 
Moore Dry Dock Company in August, 
1942, and twenty-three courses were 
completed by the early part of 1944. 
Top management, the Training De- 
partment, and the Electrical Depart- 
ment were actively cooperative, and 
this yard was the first to establish an 
adequate training program. The yard 
developed a splendid home-study pro- 
gram for helpers and trainees. E.S.M. 
W.T. was integrated with the home- 
study program on higher technical 
levels for journeymen and above. The 
increasingly complicated vessels con- 
structed and outfitted in this yard were 
handled on schedule and additional 
ships were outfitted here from other 
yards which lacked trained personnel. 
Discussions in one class, organized for 
engineers and foremen, led to design 
changes which were estimated to have 
resulted in a saving considerably in ex- 
cess of a million dollars on a 65-ship 
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contract. In the fall of 1943, this yard 
cut its personnel 44 and was then able 
to reduce electrical man-hours per ship 
by about twenty per cent. The manage- 
ment acknowledged that electrical train- 
ing contributed largely to this out- 
standing accomplishment. Later an 
attempt was made to economize by 
employing a subcontractor. The con- 
tractor’s men were not properly trained, 
and the work had to be torn out and 
done over by the regular workers in 
the yard. 

In contrast, consider one of the ship- 
yards in Southern California. Here an 
unsuccessful attempt was made to pre- 
pare marine electricians for the change 
from Liberty to Victory ships in Janu- 
ary, 1944. Only when difficulties be- 
came unsurmountable was E.S.M.W.T. 
given a real chance. A concentrated 
program consisting of three 2-hour 
meetings per week on company time 
was inaugurated—but this was too late 
to prevent serious-delay in the outfitting 
of the first ships in a series of vitally 
needed naval vessels. As a result the 
yard failed to meet production sched- 
ules. Four hulls were towed 500 miles 
to the San Francisco area, and five were 
towed 1,000 miles to Vancouver, Wash- 
ington, for outfitting where trained 
personnel were available. This waste 
of priceless time, not to mention money, 
could have been avoided by proper and 
timely training. 

The most comprehensive technical 
program was organized for Bethlehem 
Steel Company, Ship Building Divis- 
ion, Terminal Island. The first step 
was a review of existing craft training 
and further training needs by a plant 
committee made up of the Assistant 
Manager, the Sales Manager, Manage- 
ment’s Representative, the Superin- 
tendent of Hull Repairs, and the Super- 
intendent of Machinery Repairs. Care- 














ful plans for instruction and for selec- 
tion of trainees were worked out with 
the help of the E.S.M.W.T. supervisor, 
resulting in a program which included 
Marine Electrical Equipment, Marine 
Piping, Marine Diesel Engines, Steam 
Turbines, Steam Boilers and Auxil- 
iaries. The Assistant Manager re- 
viewed each qualifying examination 
and disqualified those who, in his opin- 
ion, would benefit least from instruc- 
tion. As the program progressed, per- 
mission to take successive courses 
depended upon achievement in the pre- 
ceding course. The students were 
limited to qualified men in the repair 
and new construction departments plus 
a specified number of employees from 
associated departments, such as draft- 
ing, testing, and purchasing. This was 
done so that representatives of the as- 
sociated departments would be familiar 
with technical problems affecting their 
work. The instructors were selected 
by E.S.M.W.T., and individually in- 
terviewed and approved by the Assist- 
ant Manager. This program began in 
March, 1944, and was conducted on 
company time. 

Classes for electrical workers at the 
Richmond shipyards were offered con- 
tinuously from October, 1942, until the 
termination of the program, June, 1945. 
A special course for electrical test en- 
gineers at one yard resulted in reduc- 
ing the testing time from six to three 
days, and this yard was called upon by 
neighboring yards for testing assist- 
ance. In another yard, the Mainte- 
nance and Marine Departments were 
managed under one superintendent. 
Classes for maintenance electricians 
were started in October, 1942, and were 
continued until July, 1944. In January, 
1944, an intensive program on com- 
pany time was started to prepare ma- 
rine electricians for the change from 
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Liberty to Victory ships. As a result, = 


the yard completed its ships on schedule 





: i brot 

without outside help. In contrast, a trait 

. third yard was organized with separate rage 
Marine and Maintenance Departments, 

: : thes 

The superintendent of the Marine De. the 

partment was not interested in training ‘ain 

until the yard changed from Liberty to one 


Victory ships in the spring of 19448 .1, 
A few classes were organized, but they Tra 
were too late to affect production. As Sut 
a result, this yard required outside as- 


: . : ; P tené 
sistance in outfitting and testing its b 

. 2 er, 
ships. The Maintenance Department pate 


was strongly in favor of training and 

: re suc 
conducted its own Craft Training Pro- A 
gram. This was coordinated with the Wa 
E.S.M.W.T. at the journeyman levdf : 


. . 10n 
with very satisfactory results. In a ‘enh 
fourth yard, an attempt was made to iain 
start a class in May, 1943, but failed ing 
because of the lack of cooperation from ping 
supervisory electricians. When theg |, 
yard turned to more complicated types ay 
of vessels in the spring of 1944, we re-B 


ceived a frantic call for assistance, and ie 
three classes were set up at once. All Ter 
three failed at the second meeting be- Ma 
cause at that time a subcontractor was 
: ° enr 
called in to do the electrical work on Poi 
the ships due to the lack of adequately ,.,, 
trained personnel. sein 
Another kind of failure might be c 
mentioned. The electrical superin- 
tendent of a small repair yard heard 
about the training programs and be- 
came so enthusiastic that he developed - 
a classroom at one end of the electric 
shop. <A class was started with an en- or 
rollment of about 60 and with high . 
esprit de corps. Unfortunately, the . 
effort soon failed due to poor choice of 
an instructor, and all efforts to make 
amends were without success. 
Marinship Corporation did well with 
the earlier, simpler types of ships, but 
when it began to build electric-drive 
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ships in January, 1943, the greater com- 


plexity of the electric installations 
brought out the need for technical 
training. Two classes were organized 
in turbo-electric propulsion equipment ; 
these met twice a week in order to make 
the training effective for the construc- 
tion of the first ship. These classes 
were held both in the company training 
school in Sausalito and in the War 
Training Center in San Francisco. 
Subsequent classes in electrical main- 
tenance were continued until Septem- 
ber, 1944. This yard completed its 
contracts on schedule, and much of this 
success is attributed to E.S.M.W.T. 

At the beginning of the program, 
Washington officials were of the opin- 
ion that E.S.M.W.T. would be of no 
value to military or naval establish- 
ments, and the majority of the train- 
ing officers assigned to the naval yards 
or drydocks in California were in agree- 
ment with this policy. However, many 
of the local civilian electrical superin- 
tendents felt quite differently, and 
eventually programs were established at 
Terminal Island, Hunter’s Point, and 
Mare Island. Approximately 600 were 
enrolled in electrical classes at Hunter’s 
Point and Mare Island when notice of 
termination of E.S.M.W.T. was re- 
ceived. 

Cooperative instruction with the serv- 
ices was another significant part of the 
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program. The turbo-electric tankers 
and turbo-gear Victory ships developed 
in 1943 and 1944 were designed to 
operate at higher temperatures and 
pressures than marine engineers were 
accustomed to handling. Furthermore, 
the inclusion of electric drive and elec- 
tric auxiliaries proved to be formidable 
innovations. In order to prepare engi- 
neers to operate these ships, the United 
States Maritime Service established a 
school at Sausalito. Licensed marine 
engineers attended this school for three 
weeks, during which time they were 
transferred to the payrolls of the United 
States Maritime Service. Day classes 
were conducted by U.S.M.S. officers 
and much time was spent in the par- 
tially completed hulls, studying prints 
and piping layouts, trial runs, etc. 
Technical lectures were given under 
E.S.M.W.T. by engineers who were ob- 
tained from the manufacturers supply- 
ing the steam and electrical equipment 
being installed in the ships. This co- 
operation of E.S.M.W.T. and U.S.M.S. 
brought the latest and best technical in- 
formation to the students and gave 
them a satisfactory combination of 
theory and practice. A second Mari- 
time Service school was established at 
Richmond, and a third on the East 
Coast. Although this third school was 
organized with the assistance of a for- 
mer University of California E.S.M. 
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W.T. supervisor, and an officer from 
the U.S.M.S. school at Richmond, sub- 
sequent supervision was handled by an 
Eastern university. The Sausalito and 
Richmond schools were later length- 
ened to a four-week term, and the two 
schools were subsequently moved to 
the U. S. Maritime Officers School, 
Alameda. A total of 1,248 marine en- 
gineers attended these two schools dur- 
ing the period September 20, 1943, to 
June 30, 1945. This combination of 
training with the E.S.M.W.T. and the 
U.S.M.S. was considered so valuable 
that when E.S.M.W.T. was terminated, 
the War Shipping Administration con- 
tracted with Engineering Extension to 
continue the instruction until July, 
1946. 

Similar .cooperative instruction was 
provided for United States Navy of- 
ficers about to be assigned to engineer- 
ing positions on combat vessels at the 
Operational Training School, Treasure 
Island, and at the Naval Training Cen- 
ter, Terminal Island. The E.S.M.W.T. 
lectures were given at unusual hours, 
the result of compromise often neces- 
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sary when employing practicing engi- 
neers as part-time instructors. A total 
of 347 officers were enrolled in these 
classes before changes in the Pacific 
theater led to their termination. 
Efficient training of large groups of 
workers, especially those employed in 
smaller industries, was achieved through 
cooperation with locals of the Interna- 
tional Brotherhood of Electrical Work- 
ers. The psychological reaction of stu- 
dents was often better than in-plant 
courses. In these union classes, as in 





a a 


the public classes, there was no incen- | 


tive to take training in order to achieve 
advancement in an organization simply 
by having attended a course of instruc- 
tion. 

In addition to the formal instruction, 
each class served as a clearing-house 
for problems arising daily in the war 
industries in which the students were 
employed. In-plant classes obviously 
could stress particular troubles in a 
particular plant, yet the public and un- 
ion-sponsored. courses had their share 
of special benefits. For example, con- 
clusions reached in one public course 
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of resonant currents and resultant fre- 
quent faulting in a large transformer 
serving an arc furnace which supplied 
castings for two large Navy yards, and 
every failure required a shut-down of 
at least two weeks for repairs. 

During the early months of War 
Training, particularly in the Richmond 
area, much time and energy was lost 
because of the lack of cooperation and 
even hostility between War Production 
Training and E.S.M.W.T. The for- 
mer was set up on a “vocational” level, 
yet its upper limits were not defined. 
As a result, there was much conflict 
over electrical courses at the lower lev- 
els. A clear-cut separation should be 
made at the journeyman level. This 
separation was effected in the program 
as it developed, but a consecutive, in- 
tegrated training pattern never evolved. 
As a result of consultations with elec- 
trical superintendents, training direc- 
tors, and instructors, training programs 
were worked out to effectively coordi- 
nate vocational and technical training 
for both large and small organizations. 
Although the outlines shown in Fig. 2, 
and 3 were never achieved in their en- 
tirety, they are included for future 
reference. 

No University credit was given for 
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E.S.M.W.T. courses, but students suc- 
cessfully completing them were given 
Certificates of Completion. Although 


_certificates were given for satisfactory 


completion of both public and in plant 
courses, an effort was made to encour- 
age the student to complete substantial 
work in the field, and rather elaborate 
certificates were awarded upon success- 
ful completion of 125 class hours of 
instruction. This usually represented 
completion of four courses and re- 
quired approximately one 2-hour meet- 
ing per week for a year. 

The success of the electrical program 
was largely due to the man-hours spent 
in talking with workers and students, 
selecting capable instructors, and ac- 
tively supervising the organization and 
conduct of each course. This resulted 
in a relatively high cost per student 
hour, but was well repaid in efficiency 
of instruction and in respect and esteem 
for the program. Many California 
executives have taken the time and 
effort to write letters of appreciation to 
the University, expressing the opinion 
that E.S.M.W.T. made a material con- 
tribution to the war effort.* 


*“Training for War Industries,” mimeo- 
graphed edition, September 30, 1945, Univer- 
sity of California. 
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Undergraduate Preparation for Graduate Study... 
Through Applied Mathematics * 


By J. L. SYNGE 


Professor of Mathematics, Carnegie Institute of Technology 


Anyone who would make reliable 
statements about what actually goes on 
in the many engineering schools of this 
country would need to be a man of 
vast experience. I am comparatively 
ignorant. So I generalize from the 
small evidence I have and speak sub- 
ject to correction. 

I have the impression that the edu- 
cational pattern is remarkably uni- 
form. Frankly, this surprises me, and 
I can only attribute it to a timidity 
which seeks to avoid criticism by fol- 
lowing an established pattern. I am 
certainly not competent to say whether 
the common pattern in engineering 
education is good or bad. I can speak 
only of my specific interests and judge 
them from my own point of view. 

To avoid wandering into generali- 
ties, permit me to cite an example: 

For several years I taught theoretical 
mechanics to a small group of picked 
engineering students. I could meet 
them only one hour a week because 
their time was taken up with other 
much more important subjects. These 
students were in their third year and 
had had training in mathematics far 
beyond the usual. They had also had 
extensive courses in physics, as well 


* Presented at conference of the Division 
of Graduate Study, S.P.E.E., St. Louis, June 
20, 1946. 
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as the customary engineering courses. 
So, when I took on the course, I did 
so with some nervousness that there 
might be nothing left to teach them. 
To break the ice, I started talking 
about the simple pendulum as some- 
thing that we were well acquainted 
with. To my amazement I found that 
not one of the class could derive the 
differential equation of motion. It 
appeared that never before had they 
been asked to take a piece of appara- 
tus and coolly and confidently trans- 
late the physical problem connected 
with it into mathematical language. 
If I gave them the differential equa- 
tion, they could solve it. If I asked 
them for the periodic time, they knew 
what it was. But the essential link 
was omitted—the link (I may say 
without exaggeration) on which mod- 
ern engineering advancement depends 
to a large extent. Once I came to un- 
derstand what they did know, and once 
they came to see that tidiness of 
thought may be as important as tidi- 
ness in drawing, we got on famously, 
and I hope that they enjoyed the work 
as much as I did. 

I have the impression that such an 
experience is by no means unique and 
that it reflects a common defect in en- 
gineering education, if it is a defect. 
Perhaps it is not important for engi- 
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neers to be able to construct the differ- 
ential equations which control a prob- 
lem in which they are interested. 
Probably for a great many practising 
engineers it is something that they 
never do. But do these same engineers 
find use for the calculus? I expect 
not. In short, we might as well admit 
that there are many engineering stu- 
dents to whom mathematics was, is, 
and will be something to which they 
are exposed, and which acquires no 
significance for them professionally. 
They are the slide-rule men, and I in- 
tend no disrespect towards them. 

But we are talking tonight about the 
type of student who is qualified by in- 
terest and natural intelligence to go on 
to graduate work. That graduate 
work may be experimental in char- 
acter, or it may be on the theoretical 
side. If it is experimental, the grad- 
uate student may be able to carry out 
effective research with very little 
mathematics ; it is, however, becoming 
increasingly hard. The student may 
not need to work creatively in mathe- 
matics, but he is almost certain to en- 
counter papers written in mathematical 
form, which he will have to evaluate. 
The graduate student working on the 
theoretical side will find mathematics 
essential. 

It appears evident, therefore, that 
the student intending to proceed to 
graduate work in engineering should 
be well equipped mathematically. 
What does that mean? What is a 
mathematician anyway? That is a dif- 
ficult question to answer. Suppose, 
without mentioning names, we think 
of the leading mathematicians in the 
country, and ask: Do we want grad- 
uate students in engineering to be like 
those men, on a small scale? The an- 
swer is: Yes and No. We want the 
engineers to resemble the mathema- 
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ticians in taeir clarity of thought and 
their appreciation of the power and 
limitation of mathematics. But we do 
not require the engineer to be com- 


‘petent in the techniques of modern 


mathematics. To be sure, there would 
be no harm to have that competence, 
but there are more important things, 
as I shall try to point out. 

Let us put first things first. The 
engineering graduate student has be- 
fore him a certain problem—a prob- 
lem involving perhaps a stress distribu- 
tion, or determination of vibrations in 
a structure, or a problem in electro- 
magnetic radiation. He considers how 
to attack the problem. Perhaps an ex- 
perimental method is best. But un- 
doubtedly he must not rush blindly 
into an experimental technique. Per- 
haps the problem admits a mathemati- 
cal solution, which will be more gen- 
eral and less costly than the experi- 
mental solution. How is he to find out 
whether such a mathematical solution 
is feasible? There appears to be only 
one way, and that is to have a deep 
acquaintance with, and power over, 
mathematical methods as applied to the 
type of problem encountered in engi- 
neering. Therefore, if we are to pre- 
pare engineering students for graduate 
work, we must make sure that they 
have this knowledge and power. 

I am a scientist, not an engineer, and 
it may be presumptuous for me to set 
down a scale of values in engineering 
research. Nevertheless, here it is. 

First, I put the answer to the prob- 
lem. It doesn’t matter whether you 
dreamed it, or saw it written in the 
clouds, if you have got the right an- 
swer you have delivered the goods 
(Reference to Oliver Heaviside and 
Sir Charles Parsons). 

Secondly, I put a convincing justi- 
fication of the answer. If an answer 
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can be tested experimentally, well and 
good. But experimental tests are nec- 
essarily particular, and a mathemati- 
cal argument based on well-accepted 
foundations will carry wider convic- 
tion. 

Third, I put understanding of the 
method. This implies a sense of power 
which permits the discoverer to apply 
the same or a similar method to other 
problems. 

Let us repeat, then, the three in 
order of value: first, the answer itself; 
second, its justification ; and third, un- 
derstanding of the method. 

If it were possible to get answers to 
problems systematically by superhu- 
man revelation, every engineering 
school should have a course in super- 
human revelation. But we don’t think 
that practical. So, while we admit that 
the answer is the most important thing, 
we do not say to a student: “Here is 
a difficult problem. You have no idea 
how to tackle it. But come back to- 
morrow with the answer.” 

Since there can be no justification of 
an answer until the answer is found, 
we must pass over that, and come to 
the understanding of methods. And 
here we plunge right into education, 
for what is education in engineering 
science but the teaching of the under- 
standing of methods? 

How are we to teach students to un- 
derstand mathematical methods which 
will be useful to them in graduate 
work? This understanding takes time. 
I am wholly opposed to deferring until 
after graduation an inculcation into 
such methods. The methodology or 


technique should, as a matter of fact, 
start away back in high school, but let 
us omit pipe dreams of that sort. In 
the domain over which we have con- 
trol, however, we can within limits do 
what seems best. 
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What I have to say would sound 
very platitudinous in London or Paris, 
or a normal Berlin or Rome. If it 
were announced that someone would 
speak on the place of applied mathe- 
matics in the undergraduate prepara- 
tion for graduate study in engineering, 
the potential audience would simply. 
say “But of course,” and adjourn to 
the nearest bar. It is a peculiarity of 
American engineering education that it 
should be necessary to say what ap- 
pears obvious. And it appears neces- 
sary not only to say it, but to shout it, 
which is an unpleasant thing to have 
to do. 

But the cold facts are these. By 
some strange turn of fate, modern 
civilization began round the year 1600 
(you can choose your date). Instead 
of leaving difficult ideas to rest in 
peace, men chose to grapple with 
them. They evolved two essential 
methods of attack on scientific prob- 
lems—the experimental and the mathe- 
matical, which were supplementary, 
not antagonistic. In the mathematical 
attack, concepts like time, velocity, ac- 
celeration, mass, momentum, and force 
had to be clarified and given precise 
meanings. It was not easy. Even 
Newton himself failed to be completely 
clear on the definition of time. 

It became convenient to classify 
mathematics into pure mathematics 
and applied mathematics. But as long 
as the subjects. remained relatively 
small, it was possible for a man to 
work extensively in both, and it was 
only about a century ago that a definite 
cleavage began. Now the cleavage is 
great, and at present engineering stu- 
dents are for the most part taught their 
mathematics by men who have no in- 
terest in applied mathematics, and do 
not even know its vocabulary. That is 
no reflection on the competency of 
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these teachers. If an engineering stu- 
dent learns German, he does not ex- 
pect his German teacher to teach more 
than German. Similarly, there would 
be less misunderstanding if it were 
recognized that teachers of mathema- 
tics teach pure mathematics, and any 
applications they introduced in their 
teaching are a bonus. And, in my 
opinion, it is a useless bonus, as I shall 
try to explain. 

The main fields of applied mathe- 
matics are mechanics, hydrodynamics, 
elasticity, electromagnetism, thermo- 
dynamics, and heat conduction. There 
is of course also statistics, but I feel 
that statistics is already coming into 
its own, so I omit it from the present 
discussion, 

Each of these subjects has its vo- 
cabulary, its axioms, its chain of rea- 
soning—in fact, its structure. No one 
can possibly learn mechanics by exer- 
cises in a calculus class. It stands on 
its own feet as a difficult and beautiful 
subject. In fact there is only one way 
of learning mechanics—namely, by 
learning mechanics. 

Engineering students do learn me- 
chanics. In a few places they are 
taught by mathematicians—more fre- 
quently by physicists or by engineers. 
Is anything wrong with this? Surely 
not, if the men who teach it teach it 
well. But we cannot fail to notice a 
curious discontinuity. Pure mathe- 
matics is taught by men who are in the 
direct line of descent from the men 
who created pure mathematics—some 
of the teachers are actually creating 
pure mathematics here and now. But 
the bases of applied mathematics were 
laid by men who were steeped in mathe- 
matics—Newton, Euler, Lagrange, 
Hamilton, Gibbs, Maxwell—and so it 
would seem more natural if the sub- 
ject in these days were in charge of 


UNDERGRADUATE PREPARATION 





their linear descendants. That means, 
in effect, that not everyone is com- 
petent to teach applied mathematics, 
He may carry the label mathema- 


‘ tician, physicist, or engineer—the es- 


sential thing is that he should be an 
applied mathematician. 

The important question relative to 
the subject of our discussion tonight is 
this: In the engineering schools of the 
country, what facilities are there for 
an undergraduate of talent to receive 
an adequate initiation into applied 
mathematics, in order that he may be 
able to do creative research work in 
that field as an enginering graduate 
student? If the answer is that the 
facilities are good, then we may be well 
satisfied. If the facilities are not good, 
it is time that something be done about 
it, for it is a question of national im- 
portance in the present troubled state 
of the world. 

I have a word to add in interpreta- 
tion. Since applied mathematics has 
been so largely abandoned as a field of 
research by professional mathemati- 
cians, the subject will degenerate into 
trivialities and obscurities unless some 
group undertakes to handle it on a 
high scientific plane. I mean that ap- 
plied mathematicians must not be tied 
to calculating machines. They must 
have the power of generality shown by 
pure mathematicians. Where are such 
men to be found, and how are they to 
be supported? The two questions 
hang together. As soon as adequate 
means of support are obvious, the 
talent will come up, because the scien- 
tific history of the past three hundred 
years shows that applied mathematics 
touches deep motivations, partly curi- 
ous, partly aesthetic, and partly con- 
structive in the engineering sense. 

I have little hope that either mathe- 
maticians or physicists will pursue this 
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idea with any enthusiasm. Will engi- 
neering schools accept the view that 
applied mathematics is a high-priority 
subject? If they will do so, and do so 
with some resolution, then, if a meet- 
ing is called again in 20 years to dis- 
cuss this same topic, I shall move that 
a paper like this be taken as read, and 
that the meeting adjourn to the near- 
est bar. 

Before I sit down I have just one 
more thought to put forward. We all 
know what an electrical engineer is, or 
a mechanical engineer. Either carries 
a professional status, which is both a 
dignity and a responsibility. He is ex- 
pected to make decisions in the field 
of his competency. But in the higher 
mathematics of his profession, the elec- 
trical or mechanical engineer is an 
amateur. This I say in general terms, 
because exceptions are obvious. But I 
do mean that a competent electrical or 
mechanical engineer can, without vio- 
lating his professional status, declare 
that this or that piece of mathematical 
reasoning is too much for him. I be- 
lieve that this is inevitable, on account 
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of the present scope of each of the 
branches of engineering. And what I 
propose in all earnestness is the estab- 
lishment of professional status for the 
mathematical engineer. 

In the medical profession there are 
specialists for this and that part of the 
body—eye, ear, nose, throat and so on 
—but there are also specialists who cut 
across the geographic lines so to speak, 
blood specialists, for example. My 
idea of the mathematical engineer is 
like that. He would have considerable 
knowledge of one or more branches of 
engineering, but his specialty would be 
applied mathematics. In that field he 
would claim competence, and would 
act as consultant for engineers in the 
several established branches. This is 
a serious question, touching national 
security. We have lots of pure mathe- 
maticians and lots of engineers, but 
very few mathematical engineers. Un- 
less a definite and attractive goal is set 
up to beckon young men, they will fol- 
low the present beaten paths which 
lead to many places, but very rarely to 
competence in applied mathematics. 











Teaching Mathematics to Engineers * 


By L. E. GRINTER 
Illinois Institute of Technology 


If I were teaching mathematics to 
engineers, I would do it just a little 
differently than most mathematics 
teachers whom I have known. But 
before we go into that little difference 
that I believe might make a great dif- 
ference in results, let me be specific 
about the fact that I do not consider 
engineering teachers qualified to teach 
mathematics. When we-have a tooth- 
ache, we go to a dentist; and as engi- 
neers each of us has his own specialty. 
Teaching mathematics is the specialty 
of the mathematician. It is hardly mod- 
est for us to offer to show him how to 
perform in the field of his specialty. 
But when the mathematician starts to 
teach mathematics to engineers, he be- 
comes not only a mathematician but a 
practitioner of educational psychology 
as well. In this field of psychological 
reactions in which both mathematicians 
and engineers are amateurs, the engi- 
neering teacher may be able to pass 
on a few useful suggestions to the 
mathematician. 

Perhaps I should stop here to clarify 
my disagreement with those who feel 
that training in mathematics would be 
improved by hiring engineers as mathe- 
matics teachers. The field of mathe- 
matics, when rigorously studied, de- 
velops valuable characteristics in the 


* Presented at the Conference on Mathe- 
matics, S.P.E.E. meeting, St. Louis, June 
20-23, 1946. 
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student. There is a mental discipline 
produced through the rigorous study 
of pure mathematics which is neces- 
sary to basic engineering thinking, but 
which I believe engineers would neglect. 
This discipline depending upon the 
rigorous procedures of the mathemati- 
cian (which the engineer is forced to 
slight if he is to achieve practical re- 
sults in limited time) is associated with 
such practices as care in stating prem- 
ises, conditions of sufficiency clearly 
defined, and similar matters. For ex- 
ample, engineers would pass up the 
rigorous thought that should be given 
to the subject of the differential to 
reach the practical study of slopes. 
The education that the mathematician 
receives during his study for the doc- 
torate is of course far more extensive 
than he can impart to an engineering 
student in two years of contact, but no 
shorter period of indoctrination in the 
rigorous thinking of mathematics will 
produce a real mathematician. This 
is merely a parallel to our insistence 
that engineering teachers know far 
more about their respective fields of 
engineering than they are expected to 
transmit to their students. There is a 
certain quality of thought that sopho- 
mores could not be expected to trans- 
mit to freshmen or graduate students 
to undergraduates. Only one who 
knows all or at least most of the ramifi- 
cations of a subject can teach it prop- 
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erly. No engineer who is not a fully 
trained mathematician could be ex- 
pected to maintain a standard of in- 
struction in the field of mathematics 
that would indoctrinate the students 
adequately in basic principles. 

I have taken some space to explain 
this point of view because I continue 
to hear complaints from engineering 
teachers and teaching departments that 
we should ourselves take over more 
and more of the teaching function in 
mathematics so that our engineering 
students may be more able to apply 
mathematics to engineering problems. 
There is a mistaken concept, it seems 
to me, as to what the division of duties 
between the engineer and the mathe- 
matician should ideally be. Perhaps this 
could be made clearer by studying the 
way mathematics is and always must 
be applied to the solution of an engi- 
neering problem. 

Before an equation can even be writ- 
ten, we must face the problem of ex- 
pressing the physical situation in math- 
ematical terms. Then relationships 
must be established that result in equa- 
tions which we can proceed to try to 
solve. When we criticize students for 
their failures to solve engineering prob- 
lems by mathematical tools, we com- 
monly assume that the students are 
inadequately trained in mathematics. 
Actually, the failure is almost always 
in setting up the proper equations, not 
in solving them. The student finds 
difficulty here because neither his math- 
ematics courses nor his engineering 
courses have given much attention to 
the very important technique of ex- 
pressing an engineering problem in 
terms of mathematical relationships. 
Probably the engineering student re- 
ceived more training of this nature in 
his sophomore course in physics than 
in all of his courses thereafter. 
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It is thoughtless of us to attack the 
teaching of mathematics exclusively 
for this almost universal weakness. 
The mathematician’s contact with the 
engineering student is mainly in the 
freshman and the sophomore years. 
At that level, neither the student nor 
the mathematics teacher can be ex- 
pected to know much about engineer- 
ing. Such fields as thermodynamics, 
fluid flow, aerodynamics, heat transfer, 
internal stresses, and vibrations are yet 
to be studied. They cannot be used as 
examples even if the teacher of mathe- 
matics could be encouraged to interest 
himself in such applications. The fact 
is that the mathematician has a grave 
responsibility in teaching students how 
to solve equations. If we consider that 
to be his entire responsibility, we will 
have to conclude that he has discharged 
it reasonably well. It is not surprising 
that he has avoided the problem of how 
his mathematics is used in a dozen engi- 
neering specialties. No engineer suc- 
cessfully works in more than two or 
three of these fields, while most engi- 
neers confine themselves to one. 

To me, it seems clear that if we. want 
our students to be able to express phys- 
ical problems in mathematical terms we 
must undertake to teach this as a basic 
analytical technique. When the matter 
only comes up spontaneously in cer- 
tain of the more theoretical courses, 
the student considers the process to be 
a part of that particular subject matter 
without recognizing the universal ap- 
plication involved. For example, flow 
of water, flow of steam, flow of air, 
flow of electricity, and flow of heat are 
usually treated in separate courses un- 
der different instructors. Clearly in 
some place we should study the tech- 
niques of expressing physical problems 
of flow in mathematical terms. Clearly, 
too, all engineers who are of a rather 
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scientific bent might as well study the 
basic mathematical approach to the sub- 
ject of flow together in one class. 
Many systems of teaching may be de- 
vised to accomplish this objective. The 
system is not important, but the objec- 
tive must be achieved if we are to pro- 
duce a better quality of engineering re- 
search men, scientific designers, devel- 
opment engineers, and engineering 
teachers for the coming decade. 

But I do not want my defense of the 
mathematician to be taken as an indi- 
cation that I think he has been as suc- 
cessful as he could hope to become. 
In the beginning, I said that if I were 
teaching mathematics I would do it 
a little differently than most mathe- 
maticians whom I have known. That 
little difference would have virtually 
nothing to do with the subject matter 
covered, which is largely fixed by neces- 
sity, nor with the emphasis placed upon 
mathematical rigor, which I consider 
valuable. The difference would be only 
in the kind of salesmanship used in the 
classroom. Every teacher is a salesman 
of his subject and, fortunately, most 
teachers recognize this important fact. 
The weakness of mathematicians in 
their instruction of engineers lies in the 
fact that they present their courses and 
direct their salesmanship toward the 
concept that mathematics should be 
studied for its own sake rather than be- 
cause it is the most powerful tool in 
the engineering field. 

If-I were a mathematician, I would 
recognize the fact that my subject was 
a useful tool, in fact the most powerful 
of all scientific tools, and I would never 
let the engineering student forget that 
fact for a single moment. I would 
not expect ever to be able to discuss in- 
telligently problems in all fields of en- 
gineering science, but I would dig up 
enough simple applied problems to 
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scatter through my course so that the 
student could never miss their signifi- 
cance. Then I would learn in general 
rather than specific terms where each 
bit of mathematics found an application 
in science or engineering and I would 
never fail to point out that “today we 
are studying a mathematical equation 
used in analyzing the flow of heat be- 
tween concentric cylinders” or what- 
ever application might be involved. To 
learn the general uses of mathematics 
does not require study so much as so- 
cial conversation during which both 
the engineer and the mathematician 
would find new interests. 

I haven’t too much hope that the 
mathematician and the engineer will 
get together and produce a very great 
revolution in the teaching of mathe- 
matics. But an evolutionary process 
has been going on and will continue 
for many years ahead. Until the be- 
ginning of World War II, the number 
of mathematicians employed by in- 
dustry was very small indeed. Indus- 
try had not tried subdividing the job 
of solving technical problems by letting 
one person or group set up the equa- 
tions and by providing expert mathe- 
maticians to solve them. The pres- 
sures of war forced this experiment and 
it worked surprisingly well—so well 
that industry will keep many of its war- 
time mathematicians and no doubt will 
hire more. 

We may soon find that we have a 
reasonable percentage of our mathe- 
matics teachers who have worked with 
engineers on industrial or government 
research projects. As soon as this in- 
fluence is felt, we may expect a grad- 
ually increasing emphasis upon the im- 
portance of mathematics as a tool 
subject with improved student interest 
and attention. This situation is no dif- 
ferent than our own unwillingness to 
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retain graduate students in engineering 
as permanent teachers until they have 
acquired some experience with engi- 
neering practice. The teacher of math- 
ematics who studied mathematics be- 
cause he enjoyed it and who has never 
used it as a tool for the solution of 
physical problems may some day find 
that he is in competition for student in- 
terest and attention with the mathemati- 
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cian having some industrial experience. 
When that situation develops, we are 
sure to find more attempts to bring into 
the classroom the concept of the great 
usefulness of mathematics as a sci- 
entific tool. I believe that this little 
difference in the way that the subject 
is presented might produce a great 
difference in the success achieved in 
teaching mathematics to engineers. 
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Alternative Methods of Velocity Determination in 
Mechanisms * 


By I. W. SMITH 


Assistant Professor of Mechanical Engineering, University of Toronto 


NOMENCLATURE 


Points in mechanisms are designated 
by capital letters A, B, C, D, etc. 

Links are designated with lower case 
letters, a, b, c, d, etc. In all illustra- 
tions, ‘‘d’’ is the fixed link. 

w is angular speed in radians per 
second. A lower case subscript desig- 
nates the angular speed of a definite link. 

V is linear velocity in feet per second. 
A capital letter subscript indicates abso- 
lute velocity of the point represented by 
that letter. Two subscripts represent 
relative velocity thus: Veg is the ve- 
locity of C with respect to B. 

Lengths are represented in the case of 
links by the lower case letter of the link, 
and for vectors or distances by the ter- 
minal points and an overbar. Thus the 
length of the line between points 2 and 


5 is 2-5. 


It is a characteristic of engineers to 
continually strive for better products 
with greater economies in time and 
money. This is no less true of those 
engaged in engineering instruction and 
results in a continuous process of 
evaluation and revision in teaching 
methods and courses. Criticism by 
men in industry, criticism by the 
students themselves, experience gained 
in special projects such as the war- 


* Presented at the Machine Design Session 
of the Mechanical Engineering Division, 
S.P.E.E., St. Louis, June 20-23, 1946. 
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time accelerated courses, etc., all con- 
tribute toward a better engineering 
education. However, the most im- 
portant factor in this progression is a 
free interchange of experiences and 
ideas among those who are closest to 
the problem. 

Many books on mechanism have 
been published in which methods of 
velocity determination are covered to 
a greater or lesser extent. It is hoped 
that the outline of methods given in 
this paper will serve as a basis for 
discussion of their relative merits and 
the extent to which they can and 
should be covered in the kinematics 
courses of engineering colleges. 

It is unlikely that a single answer to 
the question will satisfy everyone, 
since the amount of time available 
for covering the subject is variable 
and each educator has his own ideas 
on what portions of the work should 
be stressed. However, it may be 
possible to outline a reasonably uni- 
form policy that will give maximum 
satisfaction to the requirements of 
industry and that will, at the same 
time, be practicable from a teaching 
standpoint. 

One difficulty involves a decision 
as to what extent the course should 
be broad enough to adapt the student 
to a variety of problems and yet be 
sufficiently narrow to make him of 
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immediate use to industry. A criti- 
cism frequently made by industrialists 
points out the necessity of further 
training before a young graduate can 
handle specific problems. It is in- 
ferred from this that the college has 
failed in its purpose, and that the 
content of the courses (and perhaps 
the personnel of the staff) should be 
changed accordingly. Of course the 
validity of such criticism would be 
recognized if there were only a few 
of these special problems. Actually, 
however, there is such great variety 
that it becomes increasingly necessary 
to teach a few methods of the most 
general application and leave the par- 
ticular solutions to the organization 
immediately concerned. Here, then, 
is the first: criterion in the selection of 
a method for determining velocity; it 
should be of general rather than 
specialized importance. 

The second consideration is con- 
cerned with the student’s ability to 
absorb and understand the principles 
placed before him. The relative com- 
plexity of a method would be of little 
importance if a student was expected 
merely to memorize it and then use it 
as memorized. To encourage think- 
ing on the part of the student and to 
provide him with methods that he can 
adapt to any set of conditions, re- 
quires that the information be within 
his mental grasp and commensurate 
with his abilities and previous train- 
ing. This is not to say, of course, 
that the more complex methods are 
undesirable or even that they should 
not be included in a textbook, but 
merely that they are better left to 
post-graduate training when the need 
for them has been more definitely 
expressed. 

In the majority of machines there is 
uniform motion, and the problem of 
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velocity determination is limited to 
gear, chain, and belt ratios. In such 
machines there may be a variation in 
speeds due to differences in input or 
output energy, but the fluctuation is 
a characteristic of the loading on the 
machine rather than of the mechanism 
itself. On the other hand, cyclic non- 
uniform motion is obtained in mech- 
anisms using cranks, connecting rods, 
sliders, cams, non-circular gears, etc., 
and for velocity determination in 
these mechanisms, the three following 
methods will be briefly explained and 
discussed: (I) ‘“‘Mathematical Anal- 
ysis,’ (II) ‘‘Vector Solutions,’’ and 
(III) the use of ‘Virtual Centres.” 

I. Mathematical Analysis requires 
that the displacement of a moving 
point be expressed relative to a fixed 
point in terms of lengths and angles, 
and that the expression then be differ- 
entiated once for velocity and twice 
for acceleration. When this method 
is applicable, it is usually preferred in 
industry, as it can give an exact solu- 
tion (or a close approximation when 
simplification of formula is permis- 
sible), and the actual computations 
can be turned over to calculators. 

However, even for the simpler 

types of mechanism, the formulae are 
difficult to set up and only a few 
examples have appeared in print. An 
adaptation of the solution given in 
Machine Design, May 1941, for the 
angular displacement and velocity of 
the driven crank in the four-link 
mechanism is shown in Fig. 1. 
A good mathematical training is essen- 
tial to the use of this method, and it 
would seem that little can be done in 
the undergraduate kinematics course 
beyond indicating the basic method 
and giving an illustration or two. 

II. The Vector Solution is a graph- 
ical method based on the use of 
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vectors in solving for relative veloci- 
ties and is a direct application of 
principles usually taught in courses on 
dynamics. It should be pointed out 
that the vector method is readily 
adapted to the determination of ac- 
celerations as well. There are three 
modifications of the vector solution: 
Transferred Vectors, the Vector Poly- 
gon, and the Revolved Vector Polygon 
or Phorograph. 

(a) Transferred Vectors. Referring 
to the solution shown in Fig. 2, BB’ 
is a vector representing the known 
velocity of B with respect to A. This 
velocity is resolved into a component 
BB, perpendicular to link ‘‘b” and a 
parallel component BB: If db is a 
rigid link, there can be no relative 
velocity between C and B in the direc- 
tion of CB, and therefore the velocity 


of C when revolved parallel to ‘“‘b” 
must be equal to the parallel com- 
ponent at B. A vector CC2, equal in 
length to BBz, is laid off from C along 
BC. The actual velocity of C (con- 
sidered as a point in ‘“‘c’’) will be 
perpendicular to CD and hence the 
vector CC’ is obtained from the com- 
ponent CC2. 

The vector for any other point on 
“c,” such as E, is found by propor- 
tioning CC’ according to the distances 
of the points from the fixed centre D. 
Hence, vector EE’, perpendicular to 
ED, is found for point E. This vector 
is resolved perpendicular and parallel 
to link “‘e,”’ giving components EE; 
and EE;. By the previous reasoning, 
the parallel component of the velocity 
of F, FF, ismade equal in length to EF; 
and from this is obtained the vector 
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for the total velocity of F, FF’, which 
is drawn parallel to the guides of 
link ‘‘f.”’ 

Actual linear velocities are obtained 
from measuring the vector length and 
multiplying by the vector scale that 
was used in laying off BB’. Relative 
velocity between points not on the 
same link is obtained by vector sub- 
traction of the vectors representing 
their absolute velocities. Angular ve- 
locity of a link may be determined by 
dividing the relative velocity of any 
two points on the link by the distance 
between the points. 

(b) The Velocity Vector Polygon is 
essentially the solution of a vector 
equation. The equation may be set 
up with all terms on the left side, 
equated to zero on the right side, thus 
giving a closed polygon with the 
vectors confluent; or some of the 
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terms may be on the right side, giving 
a polygon in which vectors of absolute 
velocity radiate from a pole point, and 
relative velocity vectors join the tips 
of the rays. 

In Fig. 3 the absolute velocity of 
the point C in the four-link chain 
a, b, c, d, may be expressed either as 
Vea or Vep which can be written 
Vcest+—Vea=Vep. The vector 0-1 
is laid off perpendicular to ‘‘a’”’ repre- 
senting Vga to any suitable scale. 
Only the directions of Veg and Vep 
are known, being perpendicular to 
“6” and “c’’ respectively, but this 
permits solution of the vector equa- 
tion with lines 1-2 and 0-2. 

When V¢ is determined it may be 
used to find Vg from Vzece+—Vep 
=Vzp. Similarly, the vector 0-4 is 
found for Vr from Vrz+— Vzep= Vep. 

Absolute velocities are obtained 
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from vectors radiating from the pole 
point 0 by multiplying the vector 
length and the vector scale. Since 
the origins of all absolute velocity 
vectors are at the pole point, vector 
subtraction for relative velocity can 
be done directly on the polygon. In 
Fig. 3, for example, V rz is represented 
by the line 1-4. Angular velocity is 
calculated by dividing radius into 
linear velocity, The angular speed 
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of link ‘b’” would be equal to the 
vector 1—2 times the vector scale and 
divided by B-C. 

(c) The Resolved Vector Polygon is 
obtained as in part (b) except that all 
vectors are rotated 90° from their 
true directions. Hence, the starting 
vector 0-1 would be drawn parallel to 
“a” instead of perpendicular to it. 
This makes the graphical work some- 
what easier but leads to confusion in 
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interpretation of the results, due to 
the 90° shift. Another device, known 
as the “phorograph” or ‘‘motion dia- 
gram,’ may be used to secure the 
same result by a different approach. 

The Phorograph is a pattern of 
“images” on a plane surface attached 
to and rotating with one of the links 
in the mechanism, this link being 
then termed the “reference link.” 
The link selected for this purpose 
must have rotation, preferably at 
known speed about a fixed centre. 
Images are located on the rotating 
plane so that they have linear ve- 
locities identical with corresponding 
points in the mechanism. 

Images of fixed points are placed 
at the centre of rotation of the plane 
since they have zero velocity. 
Hence, if ‘‘a’’ is the reference link in 
Fig. 4, page 11, the image D’ for the 
point D will be at A. For points on 
the reference link the images coincide, 
hence A’ is at A and B’ is at B. 


‘Otherwise an image is placed so that 


its motion relative to two other 
images (on the plane) is identical with 
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the motion of the point relative to the 
two corresponding points in the mech- 
anism. For example C’ is at the 
intersection of a line through D’ 
drawn parallel to DC and a line 
through B’ parallel to BC, since those 
lines are the loci of images that would 
have the same motion relative to D’ 
and B’ that C has relative to D and B. 
Because the motion of E is known 
with respect to C and D, E’ is at the 
intersection of a line parallel to CE 
through C’ and a line parallel to DE 
through D’. F’ is at the intersection 
of a line through E’ parallel to EF 
(from the motion of F with respect to 
E) and a line perpendicular to the 
motion of f drawn through A’ (from 
the motion of F relative to A). 

Since the ‘‘images’’ are on a rotating 
plane, the magnitude, direction, and 
sense of their absolute velocities are 
readily obtained from their radii and 
the angular speed of the reference 
link. The relative velocity for any 
two points in the mechanism (not 
necessarily on the same link) is ob- 
tained from the distance between the 
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9. Vr = A—F'w, = 

10. Vre=F-B'a, 7 


8. @We 


Fic. 4. Phorograph. 
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12 . Vr = ad—afwa b at 


13. Vere =(ad—af—ad—ab wa 


Fie. 5. 


two corresponding images and the 
angular velocity of the reference 
plane. Angular velocity of a link is 
found by dividing the relative velocity 
of any two points on the link by the 
distance between the points. 

III. Virtual Centers provide an- 
other graphical method for veloc- 
ity problems. The virtual centre or 
“centro’’* is a point common to two 
links, about which one link rotates 
with respect to the other. A mech- 
anism of m links will have $n(m—1) 
centros and it is necessary to locate 
most of these in the solution of a 
problem. 

Permanent centros are easily lo- 
cated at the centres of turning pairs. 


* There are other names for the virtual 
centre, such as “rotopole’” suggested by 
Prof. de Jonge in A. S. M. E. ‘Transactions 
of August 1943, but these are not in general 
use for undergraduate teaching. 


Virtual center. 


In Fig. 5 the centro ad for links a and 
d is at A. Similarly, ab, bc, cd, ce 
and ef are located as shown. Where 
the relative motion between two links 
is pure translation, the centro is at 
infinity on a line perpendicular to the 
motion. Thus, fd is at infinity on 
any vertical line. 

The location of the centros is found 
by the theorem of three centres, 
which states that the three centros of 
any three links will be on a straight 
line. Hence the centro ac is at the 
intersection of a line through ab and 
be and a line through ad and cd. 
When a particular centro is required 
it may be necessary to find other 
centros first. For example, to find 
ae, after the permanent centros are 
located, it is necessary to locate cd, 
bd, and eb. 

To find the linear velocity of a 
point on d it is necessary to find the 
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velocity of ab as a point in “a” and 
then obtain the velocity of the speci- 
fied point by proportion of its distance 
from the absolute centre of rotation 
bd to the distance ab-bd. This can 
be done graphically by compass and 
straight edge. For the relative ve- 
locity of two points, it is probably 
best to find the individual absolute 
velocities and use a vector subtrac- 
tion. The angular velocity of a link 
is found by determination of the 
linear velocity of one of its centros 
and dividing this velocity by the 
distance between the centro and the 
centre of absolute rotation. 

Centros at turning pairs on the fixed 
link, such as ad and cd, have a perma- 
nent location. For various positions 
of the mechanism, centros ab, bc and 
ce trace out circular paths. Other 
centros such as eb have loci, one in e 
and one in }b, that form “rolling 
curves’ which are sometimes useful 
in the design of special gear forms. 

The virtual centre method is not 
difficult to teach in an undergraduate 
course and is liked by students be- 
cause the finding of centros is some- 
thing of a game. However, it is an 
unwieldy method of velocity deter- 
mination, particularly in the more 
complex mechanisms, and does not 
fit in as well with the needs of industry 
for a simple, fast and accurate type 
of solution. It is evident in Fig. 5 
that considerable space is required 
for the solution and it not infre- 
quently happens that centros are 
difficult or impossible to locate be- 
cause lines that should intersect are 
almost parallel. With more graphical 
construction required, the accuracy is 
correspondingly reduced. 

The virtual centre method has an 
excellent historical background, and 
is unique in the construction of rolling 
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curves, but these advantages do not 
justify its inclusion in an _ under- 
graduate kinematics course as the 
important method of velocity deter- 
mination. 

Because the determination of ac- 
celerations is closely allied to velocity 
work, there is another factor to con- 
sider. A method employing centros 
in angular acceleration problems has 
been proposed by Professor Koenig 
in the March 1946 Journal of Applied 
Mechanics. However, the acceleration 
vector polygon method is likely to be 
preferred, as it gives absolute and 
relative linear accelerations in addi- 
tion to angular values and is not 
subject to the limitations of the centro 
method as outlined above. Hence, 
if the polygon method is to be used 
for accelerations it would seem more 
reasonable to use it also for velocities. 

Of the three modifications of the 
vector method, the transferred vector 
solution is most readily understood 
and therefore presents the least diffi- 
culty in teaching. Because it places 
velocity vectors at the actual points 
where the velocities occur, it presents 
a better picture of the motions in 
a mechanism. However, as a tool 
for velocity determination it is slow 
and is particularly laborious when 
a sequence of positions must be 
considered. Like the virtual centre 
method, it does not give relative 
velocities directly and these must be 
found by additional vector construc- 
tion. 

The vector polygon method offers 
no great difficulty in presentation to 
undergraduate students. Although 
some skill is required to quickly and 
properly interpret the vector polygon, 
the development of this skill is not 
wasted as the polygon method is 
equally applicable to forces and ac- 
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celerations and may be considered as 
a fundamental in engineering. Very 
little graphical work is required for 
even a complex mechanism and, as 
the size of the polygon is controlled 
in the selection of a suitable vector 
scale, the resulting accuracy can be 
suited to actual needs. Moreover, 
the polygon presents a complete an- 
swer for relative and absolute linear 
velocities from which angular veloci- 
ties are readily obtained. 

For the revolved vector polygon the 
time saved in graphical construction 
is not sufficient to justify the in- 
creased chance of error in interpreta- 
tion of results. With the phorograph 
approach, however, the chance of 
error is reduced, if not eliminated, 
and a further reduction in graphical 
work is obtained through the elimina- 
tion of the vector scale. Distances on 
the phorograph are measured to the 
scale.of the mechanism, although in 
some cases the phorograph is made 
two or three times larger to improve 
the accuracy. Presentation of the 
phorograph principle to undergradu- 
ate students is somewhat more diffi- 
cult, but once it has been mastered, 
it is preferred by them for the solution 
of problems. 

The phorograph method as out- 
lined will solve any closed four-link 
chain or combination of four-link 
chains. Five-link chains are encoun- 
tered less frequently but may be 
solved phorographically by use of the 
auxiliary point method outlined by 
Professors Ault and Hall in the 
November 1943 issue of Machine De- 
sign. Referring to Fig. 6, in which 
“a” is the reference link, the images 
E’, A’ and B’ are loeated as in the 
original method. Because of the mo- 
tion of C with respect to B, C’ is on 


a line perpendicular to “c’’ drawn 
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Method 

E’ and A’ are at A, being fixed point 
images. B’ is at B since B is on the refer- 
ence link. 

N is an auxiliary point on link c, chosen 
so that it moves relative to C as C moves 
relative to B and relative to D as D moves 
relative to Z. Then N’ is ona line through 
B’ drawn 1 to c, and a line || to ED 
through E’, 


F’ is located from N’ and A’ 
C’ is located from F’ and B’ 
D’' is located from F’ and E’ 


Fic. 6. Phorograph with auxiliary point. 


through B’ and for the motion of D 
relative to E, D’ is on a line parallel 
to ED drawn through E’. However, 
there are no intersecting lines to 
actually locate these images. Since 
D and C are on link ‘‘c,” an auxiliary 
point is selected on ‘“‘c’’ so that it 
moves relative to C in the same direc- 
tion that C moves with repect to B, 
and relative to D in the same direction 
that D moves with respect to E. 
Such a point is NV. The image N’ is 
then at the intersection of the two 
lines already drawn through B’ and 
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E’. F’ can then be located with lines 
through N’ and A’ drawn parallel to 
FN and perpendicular to the guides 
of ‘‘f” respectively. The images C’ 
and D’ are easily obtained at the 
intersections of a line through F’ 
drawn parallel to FCD and the lines 
already drawn through B’ and E’. 
Thus, when five-link chains are en- 
countered it is not necessary to use a 
combination of vector and virtual 
centre methods as suggested in ‘‘Kine- 
matics and Kinetics of Machinery,” 
Dent & Harper, and other books, nor 
is the cut-and-dry method, given by 
Professor Sayre in Machine Design, 
September 1934, required. 





From the Phorograph 
Vco=A'—C'ws....14 
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In some cases the phorograph can 
be used to obtain a mathematical 
solution where the usual method by 
differentiation is difficult. For ex- 
ample, the displacement of the slider 
in a slider-crank mechanism (Fig. 7) 
takes the form of a (1—cos @) plus a 
diminishing series. When this is dif- 
ferentiated the resulting expression is 
usually simplified by retaining only 
the first term of the series. This 
gives a close approximation when 3 is 
greater than 3a, but an exact solution 
is easily obtained by simple trigo- 
nometry and the use of the phoro- 
graph, as shown in Fig. 7. 

If time permitted in a kinematic 








But 
A'—C’=(b+B’—C’) sin g....15 

of which 
sin $=5 sin 0=) sin 0 rA=o 

and 

B-cr=2 cos 8 a cos 6 a cos 8 





Substituting in 14 


Vo=twe| 5S sin 6+ 


Vce=awe [sin 6+4X 


acos@ 
V1—2? sin’? 


cos Vi-sint'd V1—d*sin® 


A sin 0] 


sin 20 ] 
V1i—2? sin? 6 


Fic. 7. Mathematical solution from phorograph. 
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course, it would be desirable to teach 
all of the methods outlined in this 
paper. However, the importance of 
velocities in crank mechanisms is not 
sufficient in relation to the other 
phases of the work to permit a full 
coverage. It would seem reasonable, 
therefore, in order to meet the general 
needs of industry, while keeping 
within the limits of teaching require- 
ments, that an introduction to the 
mathematical method be given and a 
full working knowledge of one of the 
graphical methods. It is the author’s 
opinion that either the vector polygon 
or the phorograph method would be 
most suitable, with the preference 
given to the phorograph. 


DISCUSSION 


The author was very pleased to 
receive the following discussions when 
preprint copies were sent to sub- 
scribers of the Machine Design Clear- 
inghouse Bulletin. These have been 
arranged in the order of receipt to 
facilitate printing and, in some cases, 
have been abbreviated to keep the 
paper within a reasonable length. 

L. C. Price, Michigan State Col- 
lege: Of all the graphical methods 
which you illustrate, I regard trans- 
ferred vectors and the velocity poly- 
gon as being closest to underlying 
principles and hence easiest to teach. 
Of these two, the velocity polygon is 
to be preferred for reasons which you 
have given, and for the additional 
reason that, requiring fewer lines, it 
gives greater accuracy. 

I have long regarded the virtual 
centre (or centro) method as of only 
academic ‘interest, having no prac- 
tical use as long as other methods, so 
much better, are available. 

The phorograph, which is a “‘trick”’ 
method, does have the advantage 
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of convenience. A person who al- 
ready knows the principles involved 
and is proficient with velocity poly- 
gons will find the phorograph very 
handy indeed. From a teaching 
standpoint, however, the principal 
advantage of the velocity polygon is 
that it is so perfectly obvious and 
rests so directly on basic principles. 
Everybody knows that the velocity 
of a revolving point B is perpendicular 
to its radius of revolution. Every- 
body knows that if BC is a rigid link 
the only motion which C can possibly 
have relative to B is rotation about 
B, etc. It would seem that, if a 
student is to be introduced to the 
phorograph as a more convenient 
method, he should first be taught to 
use the velocity polygon because of 
its direct application of principles. 
Then the phorograph should be easy 
for him as an adaptation of the funda- 
mental and more obvious velocity 
polygon. 

E.S. Aut, Purdue University : The 
summary of the various accepted 
methods of velocity solution is very 
ably and attractively presented by 
Professor Smith. He very properly 
recognizes the necessity for presenting 
methods that are within the usual 
student capability and that will de- 
velop his powers of analysis rather 
than to formulate some mere problem- 
solving method which may be followed 
mechanically. SSome who advocate 
special methods overlook the limita- 
tions of sophomore or junior student 
capacity and the time available for 
such instruction in a short course 
scheduled regularly for all Mechanical 
Engineering students. 

Our experience at Purdue and else- 
where makes us question the author’s 
statement that ‘‘the transferred vector 
solution is the most readily under- 
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stood.” Certainly it is the method 
most eagerly seized upon by the stu- 
dents but they invariably get into 
difficulties with directions, because 
they persist in thinking in terms of 
forces rather than in terms of directions 
of motion. 

We have taught the phorograph 
method and found it the most difficult 
of the methods to teach. Since that 
experience we have not used it in 
undergraduate instruction. We won- 
der to what extent this method is in 
use? 

At Purdue our instruction develops 
as follows: In the Mechanism course 
(5th term) we teach simple relative ve- 
locities, the ‘‘virtual centre’’ method, 
and some application of the ‘‘trans- 
ferred vector’ method. Here, in the 
Dynamics of Machinery Course in 
the following term, we introduce the 
vector polygon and use it for veloci- 
ties, accelerations, and inertia forces. 
We find that with the preceding 
methods this gives good coverage 
and provides a consistent develop- 
ment with sufficient background for 
handling unusual situations. Weem- 
ploy the auxiliary point method where 
necessary. 

I have never been able to agree 
with those who advocate the elimina- 
tion of the ‘‘virtual centre’ method. 
Aside from ‘being an excellent peda- 
gogical exercise, it gives a physical 
conception of motion that is valuable. 
A simple model helps introduce the 
idea of the ‘‘virtual centre.” 

L. M. Sana, Alabama Polytechnic 
Institute: Note: In an extensive let- 
ter, complete with diagrams, Professor 
Sahag carefully explained a number 
of graphical methods whereby linear 
and angular velocities can be obtained 
by the virtual centre method without 
resort to calculation. These included 
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the “link to link” method given in 
Mechanism (Keown and Faires), the 
method of using the velocity of a 
centre common to two links (referred 
to on page 7 of the author’s paper), 
and a method of proportioning angu- 
lar velocities according to the dis- 
tances between the common centre 
and the fixed centros of any two links. 
For the sake of brevity the various 
“short cuts’ that may be used with 
the virtual centre method have been 
omitted from the original paper and 
from the discussion. However, the 
following remarks by Professor Sahag 
are pertinent. 

The paper by Prof. I. W. Smith, 
on “Alternative Methods of Velocity 
Determination in Mechanisms,” is 
well prepared and the brief explana- 
tions of each method should be found 
sufficient to the teachers interested in 
the Kinematics of Machines. 

As a teacher of the course in Kine- 
matics, I am very much interested in 
the teaching of velocities and accelera- 
tions, and continuously I am striving 
to make this part of Kinematics 
digestible to the students as much as 
possible. 

The question as to which method 
of determining the angular and linear 
velocities is better, from the student’s 
point of view, is hard to answer. But 
it seems as if the subject matter is 
presented in the best logical way, all 
the methods will be found easy to 
understand. 

But, before the attempt is made, the 
importance of centros must be well 
explained. This part, however, is not 
taken care of so well in the present 
texts. Some teachers even assert 
that, to determine the velocities and 
accelerations, there will be no need 
of knowing how to find the centros. 
But, as a part of the Universe, our 
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conception of motion always conveys 
the idea of centre of rotation, be this 
definite or indefinite. Then, again, 
when we teach the students how to 
find every centro in a mechanism, we 
fail to specify as to just how these 
centros can be used in the solution of 
velocity and other problems. I have 
éven heard of such expression that in 
a six-link mechanism there are 15 
centros, some are useful, while others 
do not have any practical value or 
purpose. 

In order to maintain a certain rela- 
tion between the centros and be able 
to point out the specific function of 
each, I have found the following 
classification of centros very helpful: 

Centros are divided into two 
groups: (a) permanent, (b) virtual. 
Both (a) and (b) are divided into 
two parts: (a-1) permanent-fixed, (a-2) 
permanent-common; (b-1) virtual-fixed, 
(b-2) virtual-common. All fixed cen- 
tros are between the frame and the 
remaining links. For instance, if d 
is the frame and a, b, and ¢ are the 
remaining links, then ad, bd, and cd 
are either permanent-fixed or virtual- 
fixed centros; while others are either 
permanent-common or virtual-common. 
In Fig. 5 ad and cd are permanent- 
fixed, while bd is a virtual-fixed centro. 
ab and bc are permanent-common, and 
ac is a virtual-common centro. All 
fixed centros being between the frame 
and one of the links do not have linear 
velocities, whereas all common centros 
between two links have the same 
velocity in each link. This distinc- 
tion and clear understanding will not 
only provide short cuts, but in each 
method it will help one to find the 
velocities by a definite rule and more 
accurately. 

In the study of the linear velocities 
and for the proper design of a mech- 
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anism or machine, it is necessary to 
investigate the variation in the values 
of relative and absolute velocities for 
more than one position of the links 
because sudden 
changes in the resulting values of the 
velocities will cause undesirable in- 
ertia forces in the machine parts. If 
all these investigations are carried 
out mathematically, the process will 
be very complicated, cumbersome, 
and laborious. On the other hand, 
the graphic solution will not only be 
practically accurate, but it will be a 
quick work, and will present a picture 
which will enable us to tell as to what 
changes we should make in order that 
the said mechanism be more efficient 
and safe. Furthermore, if Kinemat- 
ics is taught to the second or third 
year students, then we are more in- 
clined to admit that the graphical 
solution will be favored by the stu- 
dents. 

There can be no doubt that the 
determination of linear acceleration 
of points and angular acceleration of 
links will necessitate the study of the 
vector or relative velocity method, 
but time provided for the course, in 
many cases, becomes the preventive 
factor in the study of accelerations 
more thoroughly. For this reason, it 
will be necessary to have an advanced 
course in Kinematics,,in which com- 
plete diagrams can be drawn and 
studied relative to actual designs. 

GEorGE F. Busu, Princeton Uni- 
versity: Having just received the pre- 
print of your S.P.E.E. paper, I am 
reminded of a small article (copy of 
which is enclosed) I wrote and which, 
I believe, describes essentially the 
“auxiliary point” method of Ault and 
Hall referred to on page 8 of your 
preprint. My article is part of N. 
Rosenauer’s work which I have trans- 
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lated from the German. It may 
be true that even Rosenauer was 
anticipated in this ‘auxiliary point” 
method. 

I shall soon have published another 
paper on kinematics entitled ‘‘Sim- 
plified Graphical Solutions for Mo- 
tions of Machinery.” The methods 
evolve from mathematical develop- 
ments using vector analysis and may 
be extended to three dimensions. 

Note: The method of Rosenauer as 
translated by Professor Bush com- 
bines elements of the transferred 
vector method, the auxiliary point, 
and the instant centre. It is re- 
gretted that it cannot be reproduced 
here, but it may be found in the Jour- 
NAL OF ENGINEERING EDUCATION, 
Vol. 35, No. 4, December 1944. 

Paut H. Brack, Cornell Univer- 
sity: I think you have made a very 
fine contribution to engineering educa- 
tion in this paper, both in your open- 
ing discussion and in the body of the 
paper. I have had nine years’ expe- 
rience in teaching this subject at the 
University of Illinois and nine years 
at Cornell University, and find that 
your conclusions are substantially in 
line with my own feelings. I would 
sum them up as follows: 

1. The mathematical analysis may 
have advantages for simple mechan- 
isms, as the engine mechanism where 
an approximate connecting-rod sys- 
tem is used. This is treated very 
well in ‘‘Aircraft Engine Design” by 
Liston. 

2. The transferred-vector method 
as a general tool lacks so much in 
comparison with the velocity-vector 
polygon method that it is not worth 
while to consider. 

3. The velocity-vector method is 
a simple, fundamental and powerful 
method and is by far the best method 
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to use generally. As mentioned in 
the paper, it leads directly to the 
acceleration-vector method which in 
turn sets the stage for the inertia- 
force analysis. Both velocity and 
acceleration polygon methods lead to 
special constructions for routine anal- 
yses as the Ritterhaus construction. 
On this basis, a special construction 
was developed at Cornell University 
for determining accelerations of the 
articulated connecting-rod system of 
a radial engine. 

4. While the virtual-centre method 
does not have extensive practical 
application, it is worth while to take 
up in kinematics since it offers a good 
means for understanding velocities 
as regards magnitudes and directions. 
The conception of a virtual centre as 
“two coincident points having no 
relative motion’”’ is important, even 
though a complete velocity problem 
is seldom solved by the method of 
virtual centres. 

5. The phorograph is useful in rou- 
tine work since lines are drawn par- 
allel to links in the phorograph rather 
than at right angles as in the velocity- 
vector diagrams. 

6. The author is to be- congratu- 
lated on this comparative study, and 
for his insistence that we evaluate 
our courses frequently in view of the 
broad requirements of industry. 

F. S. Rocers, Cornell University: 
Professor Smith’s paper concerns it- 
self with methods of teaching under- 
graduates how to determine linear 
and angular velocities in mechanisms. 
In connection with this paper the 
following thoughts have ocgurred to 
the writer: 

1. It would seem that our method 
of solution should be one that a 
fourth or fifth term student can 
understand and utilize, but not be 
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chosen because an experienced engi- 
neer has found it to be best fitted to 
his needs after perhaps years of expe- 
rience. Our choice of method must 
be considerably governed by the 
rather limited amount of time allowed 
to our student for such study. 

2. The method of obtaining veloci- 
ties should be related to the method 
to be used in obtaining accelerations; 
as for example, the velocity vectors 
should not be drawn at right angles 
to the localized vectors while the 
acceleration vectors are to be drawn 
parallel. 

3. Practically any of the methods 
of construction discussed are success- 
ful methods, but there are other con- 
siderations of importance equal to the 
underlying principles of the methods. 
Among such considerations are: a 
skillful and conscientious presentation 
of the topic by the instructing staff, 
a well written and reliable textbook, a 
carefully devised system of notation 
and its incorporation into the pre- 
sentation. 

The instructor must be so thor- 
oughly acquainted with his textbook 
that he knows what ideas his students 
are going to get out of it and also 
what ideas he must add. He must 
know which are good problems and 
which are not, how to give quizzes 
and still more how to grade his 
papers so that the student gets the 
best instruction and at the same time 
he practices the art; meanwhile the 
student and instructor observe how 
things are getting along. 

4. The nature and proportions of 
the mechanisms can be made to cause 
great changes in the desirability of 
the method of solution to be chosen. 
When the mechanism used to illus- 
trate the paper is studied it may be 
observed that a few changes in the 
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for our inexperienced student. 











shape of the links, or in the way in 
which they are connected, will make 
the bad solutions better, the desir- 
able solutions difficult or impossible 
This 
again suggests that good teaching is 
of the utmost importance. 

CHARLES THERON GRACE, lowa 
State College: I have read the pre- 
print of your paper on velocity 
determination in mechanisms with 
interest, especially the section.on the 
phorograph method. I have never 
tried to teach this method, but feel 
that it has definite possibilities. | 
agree with you in your statements 
about the instant centre method, but 
at the same timé I feel it should be 
retained in the course as an alternate 
tool to the vector polygon method. 
I find it very useful in the teaching of 
epicyclic gear train calculations along 
the lines briefly mentioned in ‘‘Me- 
chanics of Machinery” by Ham and 
Crane. 

With regard to the vector polygon 
method as outlined in the paper and 
in Fig. 3, I find that ease of presenta- 
tion and the interpretation of the 
polygon is clarified for the student 
by the use of lower case letters at the 
head of the vector to correspond with 
the point on the original layout of the 
mechanism. This would of course be 
confusing in your figure inasmuch as 
you have called the links by means of 
the lower case letter. I give the link 
numbers, always using one (1) to 
designate the fixed or reference link. 
Thus, in my accompanying sketch of 
your problem, the velocity of point B 
on link No. 1 would stand out in the 
velocity polygon as the vector o-8, 
and its magnitude would be found by 
measuring the length of the vector and 
multiplying it by the scale factor 
used for the polygon. I also label 
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all the images of the polygon by 
number. Thus, the image of link 1 
is the vector o-b and is numbered 
as link 1 on the polygon. I find it 
helpful to cross-hatch the image of 
compound links in the vector polygon 
just as they were cross-hatched in the 
layout of the mechanism, see link 4. 
I do not put arrow heads on the 
relative velocity vectors since they 
may be used either way in some latter 
part of the problem, especially in 
acceleration analysis. The relative 
velocity of C with respect to B would 
be read on the vector polygon as the 
line b to c (reverse of the vector 
notation V,;s). 

I think it might also be worth 
while in your discussion to take up 
the graphical solution as given in Ham 
and Crane and others, in which two 
of the three scales may be chosen at 
will and the third set by the relation 
k0=k,?/ks, as this is very convenient 
when the problem is carried on into 
the acceleration analysis. 

Epwarp B. PHILLIPS, Cooper 
Union: The author deserves much 
credit for his excellent achievement 
in thoroughly covering the principal 
methods of velocity determination in 
mechanisms. However, it seems in- 
equitable that the virtual centre 
method of velocity determination 
should be relegated to a place of 
minor importance and, by implica- 
tion, should be given only brief cover- 
age in a kinematics course. When 
we admit that the ‘‘first criterion’”’ is 
that a method should be of general 
rather than of specialized importance, 
then the virtual centre method takes 
a place of more than secondary im- 
portance. 

In teaching the various methods of 
velocity determination, the validity 
of the construction can very simply 
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and conveniently be tested by the 
use of virtual centres. For example, 
in the phorograph for the slider crank 
mechanism, the phorograph is a poly- 
gon similar to the polygon of the 
connecting rod and the radii of points 
of the connecting rod to its virtual 
centre. In teaching the vector poly- 
gon method, the ‘‘vector image”’ is 
shown to be similar to the polygon of 
the link and its virtual centre. In 
developing the laws which govern the 
shape of gear teeth for constant ve- 
locity ratio, comprehension, by the 
students, is made easier by use of the 
virtual centre. 

Referring to the author’s state- _ 
ments concerning criticism by indus- 
trialists—+.e., that young graduates 
need further training in the special 
methods used by the organizations 
immediately concerned—it is vital 
that the young graduate have at his 
command full understanding of the 
fundamental concepts so that we can 
check the validity of these special 
methods and gain understanding of 
them. There is no better aid for this 
than a thorough grounding in the 
virtual centre method of velocity 
determination. The method deserves 
a place of greater importance than 
that assigned to it in the paper. 

The admitted limitations of the 
centre method in the determination 
of accelerations make the polygon 
method the preferred one. However, 
a full understanding of the relation- 
ship between acceleration of a point 
and its centre of rotation, instan- 
taneous or permanent, is an aid in 
the development of the polygon 
method and in correct interpretation 
of results. 

R. W. Ancus, University of To- 
ronto: The author has presented an 
interesting review of the various ways 
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of finding velocities in mechanisms and 
has applied each method to the same 
mechanism. This is, however, only 
one standard of comparison because 
there are many cases where, in a par- 
ticular mechanism, one construction 
is preferable to another. Everyone 
who has given instruction in Theory 
of Mechanism realizes the difficulty of 
making the subject interesting to 
students, and the process of solving 
any specific problem must be such 
that the student can understand it 
without undue mental effort and, on 
the other hand, must be useful in 
practical work because the students 
are potential engineers. The writer, 
therefore, feels that for student in- 
struction there must be a com- 
promise between the convenience of 
the method used in any case and the 
difficulty of understanding it. 

Of the methods for finding veloci- 
ties, the writer believes that the 
classical one employing virtual centres 
has many advantages, because it 
connects problems in machines with 
those in ordinary mechanics and 
shows that, at any given instant, the 
motion of a link is the same as that 
of a line on a rotating disk, a picture 
well understood by very young stu- 
dents. while it thus forms an easy 
stepping-stone to the study of ma- 
chines it is, in general, a rather 
tedious method to apply in practice, 
involving the use of a large sheet of 
paper and accurate drawing. It has 
much merit, and in such a problem as 
finding the shape of gear teeth its 
principles enable the profiles to be 
determined with relative ease. 

Of the graphical constructions, the 
one adopted in a specific case will 
depend to a large extent on the user. 


Some of them are undoubtedly sim-— 


pler than others, yet the more con- 
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venient ones may lead to inaccuracy 
and improper interpretation if one 
is not thoroughly familiar with them, 


.The writer has used almost exclu- 


sively the Phorograph, first described 
about thirty years ago in his ‘Theory 
of Machines,” and used very largely 
in the book. There seems to be some 
difficulty in getting students to under- 
stand what is, in reality, a simple 
vector method and the reason may 
be that the vectors are all displaced 
through an angle of 90 degrees. Pos- 
sibly also it is hard to picture an 
entire mechanism reduced at any 
instant, as far as motion is concerned, 
to a series of lines on a single disk 
rotating about a central point, yet 
this is just what the virtual centre 
shows, but in a slightly different way. 

The name is somewhat of a stum- 
bling block, adding an air of mystery 
to those not familiar with its deriva- 
tion, and the writer has discarded it 
in favour of the better understood 
“Motion Diagram.’’ The construc: 
tion is readily applied in practically 
every case, can be worked on a small 
drawing board, and the scale may be 
changed so as to magnify any point 
desired. It is also useful in obtaining 
accelerations. 

The writer has not found many 
occasions where the mathematical 
method was necessary, as the graph- 
ical constructions give results quite 
well within the range of accuracy 
desired. If greater accuracy is re- 
quired the graphical solution can be 
made and the triangles involved may 
be solved with little knowledge of 
mathematics. Mathematical  solu- 
tions do, however, show the effects 
of the various harmonics entering the 
motion and may be a guide to a 
designer, so that to some extent they 
must be included but, in the writer’s 
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experience, students do not take 
kindly to them. 

There has been a tendency of late 
in this science to depart from the 
classical methods which, though some- 
times uninteresting, have been of 
great value in a clear understanding 
of what properties a particular mech- 
anism has, and the writer hopes that 
the younger men like the author will 
not be so anxious for ingenious con- 
structions that they will forget the 
basic principles. 

Following presentation of the paper 
at St. Louis, there was considerable- 
discussion from the floor, an account 
of which has been taken from the 
secretary’s report: ; 

S. J. Tracy, City College of the 
City of New York—considers that all 
methods should be used to develop the 
student’s mind. 

W. A. Johnson, Cornell University 
—considers that the use of the transfer 
vector method leads to the confusion 
of the student—recommends the use 
of the velocity vector method and 
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placing the velocity vector directly 
on the mechanism, which is useful for 
absolute and relative angular veloci- 
ties 

—suggests that the Phorograph 
method has not been developed very 
far due to possibilities of wrong 
methods being used by students 
—suggests teaching all methods. 

J. H. Billings, Drexel Institute of 
Technology—has used the Phoro- 
graph method in his teaching for 
25 years and has found it very satis- 
factory, practical and useable on all 
mechanisms 
—he also finds it very useful as an 
introductory method in work on ac- 
celerations. 

L. C. Price, Michigan State College 
—suggested that the use of the ve- 
locity polygon fits in with the solution 
of vector equations and hence was a 
desirable method on that account. 

E. R. Wilson, University of Akron, 
and A. L. Thomas, Alabama Poly- 
technic Institute—both spoke in fa- 
vour of the velocity vector method. 











Teachers Are Human Beings* 


By CHARLES E. GUS 


Professor of Engineering Mechanics, New York University 


Teachers are human beings, or 
should be. Starting out from this 
point of view, there are a few ideas 
that I would like to present which 
may be helpful to those of us who are 
interested in teaching techniques and 
may perhaps be of value to those who 
are just beginning careers in teaching. 
Volumes have already been written on 
this subject ; many more could be writ- 
ten; and there is an inexhaustible sup- 
ply of points of view that could be 
discussed. However, for present pur- 
poses we can limit ourselves to the 
following ideas: 


1. The need for teaching with author- 
ity. 

2. The students’ point of view and his 
mental equipment. 

3. Special techniques such as visual 
aids. 

4. Correlation of teaching with every- 
day living. 

5. Future problems 
good teachers. 


The teacher should teach with 
authority. His statements, his atti- 
tude in the classroom, and all his 
dealings with the students should con- 
tinuously convey the idea that he is a 
master of his subject. Bluffing must 
be avoided like poison. It is, of course, 


in developing 


* Presented at the Conference on Educa- 
tional Methods, S.P.E.E. meeting, St. Louis, 
June 20-23, 1946. 
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impossible for most individuals to know 
everything about all things; and the 
students will be willing enough to ad- 
mit that instructors have typical hu- 
man failings provided the instructor 
has sufficient mastery of his subject to 
convey the impression to the student 
that he is tremendously ahead of the 
student in the understanding of the 
subject and therefore suited to guiding 
the student towards substantial achieve- 
ment. This authority that is inherent 
in mastery of the subject matter can 
only be developed by “living, eating 
and sleeping” the subject matter itself. 
To use my own field as an illustration, 
very few of us, even if we received the 
grade of “A” in our college courses in 
strength of materials, would be able 
to go into the classroom and teach this 
subject effectively on the basis of what 
we learned during the college course. 
Even with the additional advantage of 
having taken advanced or graduate 
courses, we would still find ourselves 
away below par in giving an effective 
undergraduate course in resistance of 
materials. Mastery of the subject mat- 
ter in any course seems to be a matter 
of digesting many text books on the 
subject, of working hundreds upon hun- 
dreds of problems, and of practicing 
faithfully and continuously on every 
element of the course until it becomes 
second nature. The analogy of learn- 
ing to play the piano is not too far 
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fetched. Monotonous daily exercises 
over and over again with a will to 
achieve mastery and with the spiritual 
desire to become an accomplished 
pianist are elements which, when fused 
together, will probably produce the de- 
sired results. The same is true in 
learning to teach effectively. It is diffi- 
cult drudgery for the first few years and 
a hopeless undertaking unless one is 
willing to do countless “five-finger ex- 
ercises” of working problems and of 
becoming familiar with every little snag 
that might show up during the actual 
presentation of the course. Above all, 
one must be impelled by the desire to 
take the cold facts out of the text book 
and transform them into vital ideas 
capable of absorption by the student. 

There has been a tendency to scoff 
at formal courses in educational tech- 
niques and psychology and philosophy 
of education. These, however, can be 
of great value to the young teacher 
provided he is well on the way towards 
acquiring mastery of his subject mat- 
ter and provided that he has the pa- 
tience that is implied in this discussion. 
Probably we have scoffed at the 
courses in educational methods because 
we have met individuals who know all 
the methods, but had no subject matter 
to present. However, the teacher who 
is a master of his subject, matter and 
keeps abreast of educational techniques, 
as developed by research in this field, 
is a valuable man indeed. I cannot 
emphasize too strongly the necessity 
for mastery of subject matter and I 
rather feel that this can be made deeper 
or more intense if the young teacher 
does not specialize too early. Most of 
us who are wearing our hair gray these 
days began our teaching careers at a 
time when teaching fellows or gradu- 
ate assistants were shared by several 
departments. I can recall with much 
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pleasure the fact that I was called 
upon to teach analytic mechanics, 
kinematics, electrical engineering, hy- 
draulics, calculus, and a few other odds 
and ends. Others of us who had this 
experience know that it helped us to 
develop mastery of the subject matter 
in which we finally specialized because 
we could appreciate its interrelation to 
the remaining engineering studies. At 
the present time when teaching fellows 
or young instructors are hired specifi- 
cally to teach mechanics or hydraulics 
or some other specialty, there is great 
danger that they may develop in that 
restricted field without appreciating its 
relation to the rest of engineering sci- 
ence. At the risk of cracking a very 
ancient joke, I am reminded of the 
young M.D. who went to his family 
doctor and said that he wasn’t going 
to waste his time with general practice 
or even with general surgery but was 
going to specialize in one particular 
field immediately—in fact he had de- 
cided to become an expert on the 
human nose. The family doctor 
thought for a few minutes and then 
very softly replied, “Yes, my boy. 
Which nostril?” This, of course, is 
gross exaggeration, but it represents 
a modern danger in engineering edu- 
cation. I am inclined to bet more 
heavily on the versatile teacher who 
ultimately becomes a specialist than on 
the man whose every teaching effort 
is in one particular field. So much 
for the time being for the instructor’s 
mental equipment. 

The mental equipment of the stu- 
dent is also important. Even though 
we pride ourselves on the high degree 
of literacy in America, the fact remains 
that instructors who are selected from 
the most promising of our college 
graduates will, in general, be much 
more literate than their students and, 











560 


unfortunately, if the instructors do the 
studying and reading that they should 
do, they run the risk of becoming “too 
darn literate.” Many a young man of 
brilliant mental attainment has been 
unsuccessful as a teacher because he 
and the students were not speaking 
the same language. The batteries of 
entrance tests that are becoming so 
popular for hazing the Freshmen be- 
fore they enter college do actually suc- 
ceed in selecting classes of young men 
who are well qualified to profit from 
college education. However, high 
school cramming, high school social 
activities, the movies, and frequently 
the need to be partially self-supporting 
do discourage the art of reading which 
means that our typical college classes 
neither read as well as they should 
nor have the wide vocabulary that re- 
sults from reading. In discussing this 
matter with colleagues in arts colleges 
and in theological seminaries, I find 
that many of them are appalled by the 
decreasing ability to read, mark, learn 
and inwardly digest. This should not 
be construed as criticism of the stu- 
dents. They are willing and eager to 
learn; but it does impose upon the in- 
structor the obligation to use the Eng- 
lish language rather than technical 
jargon and, although he need not de- 
scend to baby talk, he may be required 
to state his thoughts in extremely 
simple language. This effort to ex- 
press his thoughts in simple language 
will frequently sharpen and refine the 
instructor’s thinking. The instructor 
should also realize that idiom changes 
almost from generation to generation. 
He need not be undignified, but should 
obviously not be ignorant of the fact 
that there are such things as “hep- 
cats” and “rug cutting” and that there 
probably will be equally startling slang 
phrases in ten years to come, by which 
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time “hep-cat” may be enjoying a 
dignified niche in the dictionary. The 
instructor needs to digest his subject 
matter, break up into units that are 


‘ suitable for student assimilation, clothe 


these units in the simplest possible 
language, and, from time to time, spice 
the presentation with some of the cur- 
rent idioms. 

Granted adequate mastery of the sub- 
ject by the instructor and the ability 
on the part of the instructor to under- 
stand the students’ method of thinking, 
the presentation of most subjects can 
be improved tremendously by use of 
visual aids. There is no need to dis- 
cuss this at length because we have 
already had an extremely interesting 
session dealing almost entirely with 
visual aids and there is every reason 
to suppose that developments in this 
field will continue to be a feature of 
S.P.E.E. gatherings. In spite of much 
publicity to the contrary, I am not too 
much afraid of ever walking into my 
classroom to find myself displaced by 
a motion picture machine and a loud 
speaker; but visual aids can be used 
as a valuable supplementary feature in 
most presentations of scientific ma- 
terial. Motion pictures and animated 
cartoons are quite useful and naturally 
attract the greatest amount of atten- 
tion. There. is, however, a noticeable 
trend among educators in all fields to 
prefer carefully prepared still pictures 
with appropriate descriptions. These 
descriptions may be delivered by means 
of phonograph records or read from 
script or delivered extempore by the 
instructor depending upon his ability. 
I have had some reasonable success 
with home-made amateur animated 
cartoons to illustrate certain tricky 
problems in dynamics and kinematics. 
These can be made economically in 
your own laboratories or offices and, in 
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my judgment, are always superior to 
the professional product if they are 
made to fit the presentation that you 
have developed. There is no sense 
in discussing methods of preparing ani- 
mated cartoons now, but I would be 
glad to discuss it with anyone who is 
interested. I feel that visual aids be- 
long in the same classification with 
formal courses in educational psychol- 
ogy and educational techniques. They 
are necessary equipment for the com- 
petent instructor, but they can never 
replace the fundamentals of mastery of 
subject matter, understanding of the 
student’s mind, and effectiveness of 
presentation. 

Another feature in effective teaching 
which must be considered is the neces- 
sity for correlation of a man’s teaching 
with everyday living. Attention to 
this factor will prevent the instructor 
from remaining in the year 1923, or 
whenever he graduated, while he lec- 
tures in succession to the classes of 
1947, 1948 and so on. The instructor 
should be alert to all developments in 
his particular field. If it happens to 
be in engineering mechanics, he should 
bring into his lectures at the appropri- 
ate places some pointers on new bridges 
that are being erected in the neighbor- 
hood or on new developments in auto- 
motive, railroad, airplane, or other 
methods of transportation. To do this 
sort of thing successfully he should have 
a lively interest in engineering develop- 
ments and in his early days should 
have frequent contacts with actual in- 
dustry in its significant phases. These 
contacts should not be abandoned as 
he grows older, but they will need to 
be modified because, as all of us know, 
the requirements imposed upon older 
teachers by our institutions involve 
much more far-reaching responsibilities 
than are required in our younger days. 
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Correlation of teaching with everyday 
living should not be limited to engi- 
neering or science. There is no reason 
for converting a lecture into a news 
broadcast, but it is not amiss to call 
attention to one or two current news 
items from time to time. Repeatedly 
there will be news items reported in 
the papers that will illustrate something 
connected with the presentation of the 
course; or perhaps the rigid applica- 
tion of some principle of the course to 
a political occurrence will show up the 
fallacy in that political situation and 
will help clarify the students’ thinking 
about citizenship. Also, from time to 
time, the bearing of a particular prin- 
ciple of analytic mechanics upon 
matters of philosophy or ethics may be 
important. 

Most of us who belong to the older 
generation have arrived at a reasonable 
degree of proficiency in teaching by 
luck or evolution or something or other, 
but when we look towards the future we 
must face the fact that there may 
easily be a great scarcity of effective 
teachers in ten or fifteen years’ time. 
This will arise from increased applica- 
tion of big business methods to our 
engineering colleges and the S.P.E.E. 
could easily save education from this 
fate if it realizes the dangers that we 
are up against and faces them courage- 
ously. A glimpse into the past will be 
interesting. In the middle ages effec- 
tive teachers took up residence in cen- 
ters of learning and the students flocked 
to sit at their feet. Albertus Magnus, 
who was a German, lectured in Paris 
during the thirteenth century and stu- 
dents flocked to hear him from Italy, 
England, Spain and other parts of the 
world. They were not attracted by the 
research projects that were under way 
at the University of Paris, they prob- 
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ably were not particularly interested in 
whether Albertus was doing signifi- 
cant research or not. Naturally, he was 


doing research in his field in order to | 


develop his teaching, but the students 
flocked there because he was an effec- 
tive teacher and he had much to offer. 
It is inconceivable in this modern day 
and age that students would flock to 
hear any professor if it involved cross- 
ing national lines and national bounda- 
ries. Furthermore, research has come 
distinctly to the front of the picture. 
Recently-at a meeting of the Executive 
Committee of our College of Engineer- 
ing, one of my colleagues made the 
comment that research was the major 
activity of the College and he added as 
an after-thought that anyone could do 
mere teaching. I am not criticizing him 
in any way because he is a man of tre- 
mendous ability and judgment and he 
is right in maintaining that research 
is a very important activity of any 
college, but his comment shows how 
far we have come from the day when 
Mark Hopkins, one student, and a log 
constituted the ideal university. Many 
of us would do well to reach into our 
bookcases and take out an ancient vol- 
ume and read what Cardinal Newman 
had to say on the subject of the ideal 
university. It is very easy to over- 
emphasize research and we all know 
that the young instructor has a great 
tendency to look towards a career in 
research rather than in teaching be- 
cause it appears to. him that advance- 
ment in rank and remuneration comes 
quickly that way. This is controversial 
territory; I am not decrying research 
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because, like so many others, I have 
done my share of it. But I know how 
easy it is to over-emphasize research 
and I am hoping for the future that 
corresponding emphasis will be placed 
upon the development of good teachers, 
Young men who show promise of de- 
veloping into good teachers should be 
encouraged to develop the character- 
istics that have been discussed in this 
paper ; and their early classroom activi- 
ties should be supervised either by the 
department chairman or by the mem- 
ber of the department who is best 
suited temperamentally to do this type 
of work. They should be encouraged 
to take courses in educational methods, 
they should be encouraged to do re 
search in the development of educa- 
tional methods, which is itself a very 
dignified and necessary form of re- 
search. If, with the passing of time, 
it becomes evident that they have the 
makings of a good teacher, they should 
be encouraged to bend all their energies 
in this direction. Most important, 
college authorities should recognize 
more fully than they have ever done 
before that there is a growing need for 
professional educators and should have 
definite plans for promotion and re 
muneration that will attract the best 
men to this type of work. In the days 
to come we are not going to have effec- 
tive teachers unless those of us now 
teaching spend time and energy in de- 
veloping a new crop. The days of hit 
and miss have vanished. We must 
grow our new generation of effective 
teachers and we must pay them ade- 
quately. 
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Aims and Content of Under Graduate Courses in 
Machine Design * 


By J. HARLAND BILLINGS 


Head, Department of Mechanical Engineering, Drexel Institute of Technology 


There are certain qualities and char- 
acteristics found in some courses of the 
engineering curriculum that make them 
towers of strength around which other 
courses tend to revolve. In the me- 
chanical engineering curriculum, ther- 
modynamics is generally one of these, 
and a place is regularly found for it 
in the curricula of other departments. 
Machine design, from its broad rela- 
tions with other subjects and its in- 
herent importance in a machine age, 
should similarly occupy a stellar place. 
Where it does not, diagnosis and treat- 
ment are in order. 

It is the purpose of this paper to ex- 
plore some of the qualities that a course 
in machine design must have to ful- 
fill its destiny as the hub of those me- 
chanical engineering courses which fit 
engineers to.make things. 

My general philosophy may be sum- 
marized by the statement that where 
machine design courses are on the de- 
fensive, it is because they are too spe- 
cialized on the one hand, and, on the 
other hand, where too little attention is 
given to making them vehicles of broad 
education, thoroughly and intimately 
based on those fundamentals of science 
which it is the main duty of engineering 





* Presented at the Conference on Machine 
Design at the S.P.E.E. meeting, St. Louis, 
June 20-23, 1946. 
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colleges to teach. I realize that this 
philosophy is controversial, but I also 
recall Chairman Young’s expressed de- 
sire that discussion in these sessions be 
stimulated. 

The following aims and objectives 
are tabulated to facilitate reference and 
discussion : 


A. Primary AIMS 


1. To extend the student’s knowl- 
edge of the construction, func- 
tions and operation of machines 
and mechanical equipment. 

2. To develop and sharpen the stu- 
dent’s grasp and working knowl- 
edge of mathematics, physics, 
mechanics and strength of ma- 
terials, and to broaden his knowl- 
edge of the materials of engi- 
neering. 

3. To teach the selection, applica- 
tion and maintenance of ma- 
chines and mechanical equip- 
ment. 

4. To educate the student in the 
design and development of ma- 
chines. 


B. Srconpary AIMS 


5. To enlarge the student’s knowl- 
edge of production methods and 
fabrication techniques to the end 
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that he can design things that 
can be manufactured. 

6. To make the student cost-con- 
scious, to develop economic 
sense. 

7. To discover and stimulate in- 
genuity and inventive talent. 

8. To orient the student in the fields 
of mass production and standard- 
ization. 

9. To make the student aware of 
the contribution that the indus- 
trial artist can make to his de- 
sign. 

10. To develop such natural endow- 

ments as common sense, imagi- 

nation, and judgment. 


The first four aims are starred by the 
distinction “primary” and the order is 
intended to be that of importance. 
Some doubtless may contend that the 
tender is ahead of the locomotive with 
the caboose leading both. Let us first 
look at the evidence. The course, at 
least the first course if a series, is to be 
given to all mechanical engineers and 
perhaps to electrical engineers and 
others. A small percentage of these 
will make the design and development 
of machines a major part of their life’s 
work and no one knows which ones. 
All who follow engineering in almost 
any line of work use machines, instru- 
ments and mechanical equipment. Even 
if they never design a machine, they 
need an understanding of the construc- 
tion, functioning, possibilities and limi- 
tations of machinery, which the design 
approach most effectively gives. 

The second aim might well be given 
first place. The industrial leaders in 
the larger companies who are charged 
with the formulation of the educational 
policies of those companies have been 
most vociferous in recent years in call- 
ing for a better job of education in the 
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fundamental sciences. I quote from 
an article entitled “Reply from Industry 
to the Colleges” by Boring, Stevenson 


_and McEachron appearing in Mechani- 


cal Engineering for August, 1945. 


“Engineering education in college must 
be concerned with engineering funda- 
mentals rather than specialized design. 
The war has shown us that radically new 
designs must usually be based on funda- 
mentals of engineering rather than on 
previous design. It is far more im- 
portant, therefore, for the college grad- 
uate to have a thorough understanding 
of all the fundamentals underlying engi- 
neering rather than detailed knowledge 
of any specific design or device.” 


The voice of industry has never been 
unanimous on this point. What engi- 
neering college has not been beseeched 
on occasion to institute degree courses 
in air-conditioning, diesel engineering, 
electronics, tool engineering and many 
other quite important sectors of the en- 
gineering field. It is fair to say that 
these requests generally resulted from 
understandable local enthusiasms and 
seldom did they measure the considered 
opinion of the majority of engineers in 
industry. While I do not subscribe to 
the infallibility of our brothers in indus- 
try on educational matters, I think the 
majority is right on this point. 

A very pertinent question arises here 
—Why include any application courses 
in undergraduate engineering if educa- 
tion in the fundamental sciences is the 
preeminent objective? There are, | 
think, two reasons. First, no better 
way has been discovered to make math- 
ematics, physics and mechanics thor- 
oughly comprehended than by applying 
them to the solution of practical prob- 
lems. In no other way can the learn- 
ing processes be made so interesting, 
even enjoyable. To apply a principle 
is to know it with an understanding and 
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a security impossible upon the first ap- 
proach experienced in the initial course. 

In the second place, the application 
courses prepare the student to enter a 
profession. They must open before 
him the literature, the sources of in- 
formation, the codes and the accumu- 
lated experience of the profession. At 
best, they take a partially trained sci- 
entist and turn out an engineer-in-train- 
ing, ready to go a long way under his 
own atomic energy. 

The third aim, dealing with selection, 
application and maintenance, is of pri- 
mary import because there are few 
sectors of engineering work where 
problems of this sort do not arise. 
Other courses, such as machine tools, 
shop lay-out, power plants and shop 
courses, furnish education on _ this 
theme, but machine design offers the 
direct approach and the experienced 
teacher will find many opportunities to 
show his students that it is not indi- 
vidual machines, but a well-integrated 
shop with planned maintenance, that 
gets production results. 

Most of the other aims mentioned 
have received attention at past meet- 
ings of this society. I recommend for 
your review, “The Objectives of In- 
struction in Machine Design” by Gar- 
land and Weibel, presented at the an- 
nual meeting of this society in 1940; 
“Machine Design Instruction in the 
Post-War Period” by P. H. Black 
given at the 1944 meeting; “Teaching 
Engineering Judgment” by C. Higbie 
Young given at the 1945 meeting; and 
“Developing Creative Engineers” by 
J. F. Young appearing in Mechanical 
Engineering of December, 1945. The 
issues of the Machine Design Clearing- 
house Bulletin provide a running com- 
mentary on the desirable objectives of 
our work. 

I should like to comment briefly on 
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aim number 7, dealing with ingenuity 
and inventive talent. Many of our stu- 
dents were initially attracted to engi- 
neering because they recognized that 
it is essentially constructive, creative. 
With a super-abundance of the urge 
to make new and better things, they 
enrolled as freshmen in our engineer- 
ing colleges. Then, say our critics, we 
proceeded to do strange things to them. 
We shaped their heads into funnels and 
poured in tons of facts, relations and 
derivations, giving them neither time 
nor opportunity to have any creative 
output until they forgot that they ever 
had the urge to invent. The worst 
thing about this accusation is that 
there is more than a grain of truth in 
it and from the nature of our present 
mathematics and science there is not 
much that can be done about it for the 
first two years of the course in engi- 
neering. The answer is to be found 
in the application courses and particu- 
larly in machine design. In our course 
at Drexel Institute of Technology, we 
insert in each chapter at least one prob- 
lem where the student can chew his 
pencil and invent. I know that many 
of you are evolving unique solutions to 
this important problem and we should 
like to hear about them. 

The content of machine design 
courses must depend on the general 
framework of the curriculum. It is 
most desirable that the foundation 
should include mathematics with an 
introduction to differential equations, 
physics, mechanics, the shop courses, 
materials of construction, and strength 
and elasticity of materials. In the co- 


operative colleges the student will have 
punched the clock in several production 
shops, possibly followed by design 
room experience. In the other colieges, 
summer jobs may have supplied this 
invaluable background. Those of us 











506 


who have experienced the late, unla- 
mented acceleration courses have no 
uncertainty about the value of indus- 
trial experience as a prerequisite to 
machine design. The above prepara- 
tion will generally place the first course 


in machine design not earlier than the 
last term or semester of the junior 


year. 

There is another group of courses 
closely related to machine design which 
should desirably precede it. First of 
these is metallurgy and metallography, 
vibrations, and the courses in strength 
of materials laboratory. We have 
found that three hours of class work 
and three hours of concurrent design- 
room practice per week, 
through two terms, is a reasonable al- 
location of time for mechanical stu- 
dents with half that time for students 
outside the Mechanical Engineering 
Department. 

Probably no engineering course af- 
fords a wider choice of content than 
machine design. .There are, however, 
certain essentials without which the 
presentation of the subject will be ob- 
tuse. Of first importance in the lec- 
ture course is stress and strain analysis. 
The strength of materials course will 
have laid the foundation and the first 
task is to establish the bond for future 
building. We find that a review of the 
derivations for principal stresses in- 
cluding the Mohr circle is essential. 
This makes the general solution for the 
three dimensional stress system less 
difficult. Until the student feels secure 
in evaluating the three principal stresses 
and the grand maximum shear stress 
and in locating the planes on which 
they act, much of the literature in ap- 
plied mechanics is, for him, a closed 
book. 


The maximum stress, maximum 


strain and maximum shear theories of 


running © 
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yielding and their application is the 
next topic. The distortion-energy the- 
ory should receive some attention due 
to its accuracy in predicting the per- 


‘formance of the ductile materials, 


Next come fatigue of materials and 
stress concentration. Coverage here 
should be unhurried. The foregoing 
topics seem to be the ammunition nec- 
essary for a frontal attack on factors 
of safety and allowable working 
stresses. 

Design for limiting deformations re- 
ceives much attention, both in class 
and drafting room. The wide applica- 
tion of the resistance-wire strain gage 
and its future possibilities would seem 
to justify more attention to the theory 
of the strain-stress relationship at the 
expense of some other topics. 

The order of content from this point 
forward can vary widely, being in- 
fluenced generally by the requirements 
of the early problems used in the de- 
sign room. I feel impelled, at this 
point, to give a morsel of advice. Don’t 
try to cover too much. Covering ma- 
chine design is like trying to carpet the 
ocean. One topic dissected from root 
to branch has more educational worth 
than chapters of empiricism. Of 
course, the student should learn how 
to use handbook and catalogue data 
and be familiar with the sources of 
recorded experience. That is best 
taught in the design room and the time 
devoted to it need not be large. 

Our experience is that the most 
fruitful classroom procedure for a 
chosen topic is—(1) theoretical analy- 
sis, (2) collection and study of perti- 
nent codes and experimental data, (3) 
practical and economic considerations, 
(4) illustrative and assigned problems. 
Doubtless there is nothing new in this 
procedure but the point I wish to make 
is that topics not sufficiently developed 
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to be out of the empirical design stage 
are not worth serious consideration in 
a design course. Another point con- 
cerns the statement all too frequently 
found in textbooks on machine de- 
sign which begins with the words “It 
can be shown that . . .” followed by a 
formula which the student, and some- 
times the hapless instructor, is sup- 
posed to use without an inkling of its 
genesis or limitations, or whether it is 
based on an established scientific law 
or resulted from experiment or practice. 

The possible coverage of journal 
bearings might serve. as illustration. 
A good theoretical approach is the set- 
ting up and solution of the differential 
equation for oil pressure and flow 
through the simple slipper bearing. 
This is a satisfactory introduction for 
the study and application of journal 
bearing theory as developed by Kings- 
bury, Howarth, Needs and others lead- 
ing to rational determinations of load 
capacity, clearances, friction, cooling 
and oil supply. 

To give the student a sense of accom- 
plishment in stress analysis and to open 
to him a considerable field of literature, 
there are few better topics than Lame’s 
equations. In deriving these equations, 
a perfect differential equation of moder- 
ate difficulty displays the assumptions 
and limitations. The road is now open 
to many interesting and useful appli- 
cations in design—thick cylinders, gun 
tubes, press and shrink fits. These 
equations also afford a beautiful demon- 
stration of the effect of placing a pin 
hole in the center of a disk subjected to 
centrifugal forces. At this point, not a 
few students admit that, for the first 
time, they see some sense in differential 
equations. 

I have no desire to advance the 
Proposition that involvement in dif- 
ferential equations is the first criterion 
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for selecting good machine design 
topics. I do contend, however, that 
the course which avoids the use of this 
sharp-edged tool fails in achieving one 
of its primary objectives. 

For the concurrent program in the 
design room, we believe in more design 
than drawing without the exclusion of 
the latter. The early part of the course 
seems to require simple projects suit- 
able for three to nine hours of work. 
An example is the design of a bracket 
to be. screwed and doweled to the ver- 
tical wall of a machine and the support 
a horizontal shaft in a cylindrical bear- 
ing. The specification includes load 
and maximum allowable deflection un- 
der load. The bracket is designed first 
in cast iron, under rather close control 
by the instructor. Much instruction is 
necessary, particularly in foundry prac- 
tice. The next assignment is the de- 
sign of a weldment of structural steel 
parts to meet the same specification. 
Here there is no control and not too 
much advice, but codes and examples of 
welding design are provided. Some 
wonderful and fearful brackets result, 
but the poorest are useful as a basis 
for teaching the art of welding design 
and the students have an inventive ex- 
perience. 

We make a point of requiring the 
student to use a computation book ac- 
cording to approved design-room prac- 
tice. The righthand page contains an 
orderly record of data, assumptions, 
computations and approximations, with 
significant results in a ruled margin. 
The left page is for sketches and all 
preliminary scratch work of the kind 
that would otherwise go into the waste 
basket but is often useful if preserved. 

In the design room the student 
should learn much about the sources 
of design data, about handbooks and 
standards, about the small important 
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things such as connectors and align- 
ments. Here the good instructor, with 
a background of practical experience, 
is worth his weight in master gages. 

Rare judgment is required to draw 
the line between getting good designs 
and allowing the student to learn from 
his mistakes. When a student has de- 
signed a speed reducer using integral 
shaft and gears and finds that it would 
take a magician to get the shaft into the 
gear box, he is being effectively shocked 
into an education. He cannot be given 
that experience in the classroom. 

Finally, there are two considerations 
which cannot be neglected at this time 
in any appraisal of desirable education 
in machine design. The prospect of 
cheaper and more abundant power 
from fissionable material points to the 
possibility of rapid development in 
many fields where excessive power de- 
mands have previously prevented eco- 
nomical design. Also, this nation has 
a well established reputation for fast 
and prodigious production of new de- 
signs, a capacity we must preserve at 
all costs. It would appear, therefore, 
that if we aim only to educate for the 
solution of specific problems, we shall 
miss the target. The best machine de- 
sign course is one which prepares the 
student for the development of equip- 
ment unlike any he will probably hear 
about before graduation day. 


DIscussION 


K. E. Lorcren, Cooper Union: Pro- 
fessor Billings has admirably presented 
a paper which offers much food for 
thought and discussion. There is so 
much of it that one must agree with and 
thank him for voicing that it is hard 
to offer constructive criticism. In some 
respects I have the belief, however, that 
it leans somewhat towards the ambi- 
tious side. Perhaps this is a wholly de- 
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sirable position, but I fear that it does 
not consider adequately the student. 
In short, I do not believe that our aver- 


_ age engineering student has the mental 


capacity and maturity to assimiliate, 
in the short time available for machine 
design, the type of study proposed. 
There is danger in placing too much 
emphasis on the intricacies of the theory 
of elasticity in an undergraduate course, 
First of all, it places in the student’s 
mind an unwarranted dependency and 
bland faith in the formula as a major 
design tool. Too often, our students 
produce ridiculous designs due in great 
part to their naive faith in formulas. 
They are slaves to theory and slide 
rules enough.as it is, without aggravat- 
ing it by giving them more of the same. 
Not every engineering graduate is 
going to be a machine designer nor 
every machine designer a stress spe- 
cialist or a research engineer. There is 
a large amount of important design 
work done with a.minimum of com- 
putational work and I am sure that in 
many industrial drafting rooms there 
are comparatively few stress analysts. 
In the short time we have for our 
machine design work in an _ under- 
graduate course, I would want to spend 
more time in discussing the limitations 


_ of our formulas than in derivations of 


them. At The Cooper Union we ask 
our students to make the calculations 
for all the machine elements they de- 
sign. But before the resulting values 
are translated to the drawing board, 
we compel them to make severe modi- 
fications. This takes a lot of explain- 
ing. You have to be quite convincing 
in order to make a student change the 
diameter of a speed reducer shaft from 
a computed diameter of one inch or so 
to a final diameter of two inches. 
This does not mean that we ignore 
the derivations of formulas. I think it 
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is desirable, for instance, to cover the 
derivations of Lame’s equations, for 
otherwise you could not very well ex- 
pect the student to differentiate them 
from their cousins, the Clavarino equa- 
tions. But I do not expect my students 
to become experts in such derivations, 
for while the theory involved is inter- 
esting and beautiful, rarely does actual 
design require the use of these equa- 
tions. Even the A.S.M.E. Unfired 
Pressure Vessel Code does not make 
use of them. And as an aside, I yet 
have to find any theory that we can 
teach our students which will help 
them to understand this code. 

Our men have a separate course in 
mechanics of materials in which the 
theory of elasticity is well covered, 
hence in our Machine Design work we 
feel that our job is not to repeat this, 
but to give the students as much prac- 
tical application of it as time will per- 
mit. The more advanced work in 
stresses deserves the greater maturity 
and time available in graduate courses. 

B. E. Quinn, Purdue University: In 
determining the aims and content of 
undergraduate courses in machine de- 
sign, let us consider the experience of 
a young design engineer, fresh from 
the campus. He has taken more ma- 
chine design courses than his class- 
mates who ‘have entered other fields, 
and for this reason he has confidence 
in his ability. He enters the company 
as a new employee and therefore is 
not familiar with the older men who 
are willing to guide and advise him. 
His assignment is outlined by his su- 
perior, and the young engineer realizes 
that it is totally unlike any design proj- 
ect considered in the classroom. As 
soon as possible, he carefully examines 
all the available texts in machine de- 
sign, only to discover, with a sinking 
feeling, that the solution to his particu- 





569 


lar problem does not lie therein. Per- 
spiration comes to his brow when he 
realizes that the texts have failed him, 
and because he is far from his cam- 
pus he must solve this problem by him- 
self. The solution must come from 
him; he is his only resource! The 
realization of this fact comes as a 
shock of the first magnitude. 

Let us consider the training which 
he should have to meet successfully 
this situation. 


(1) He should know that his éx- 
perience is not unique, but that 
many other engineers, both 
young and old, have encountered 
a similar situation. 

After carefully studying the 
problem, he should recognize 
certain details with which he 
has had previous experience. 
He should realize that further 
study is necessary to deal with 
the unfamiliar portions of the 
problem, and that such study is 
the beginning of his specialized 
training which will not be in the 
nature of formal course work. 


(2) 


(3) 


Would the type of machine design 
course, outlined by Professor Billings, 
be valuable in this situation? 

In his paper, “Aims and Content of 
Undergraduate Courses in Machine 
Design,” Professor Billings has care- 
fully outlined the characteristics neces- 
sary to make these courses of greatest 
general educational value in the engi- 
neering curricula. He has shown that 
a carefully organized course in machine 
design can be of great value in devel- 
oping the student’s ability to use his 
knowledge of physics, mechanics, 
strength of materials, and other sub- 
jects. In this manner a course in ma- 


chine design may serve to integrate 
previous learning for a student who is 








570 


primarily interested in other aspects 
of engineering. To do this, however, 
does not decrease the value of the 
course to those who are primarily in- 
terested in machine design. It is the 
ability to apply the engineering funda- 
mentals to the new problem which the 
young engineer so desperately needs in 
the situation just described. 

In order to give comprehensive train- 
ing to young engineers interested in 
design, it is becoming more evident 
that creative ability should be stressed 
and developed. When faced with a 
new problem, it may be necessary for 
the engineer to create the machine 
which is required. This may necessi- 
tate the selection and arrangement of 
the mechanical elements of which the 
machine is composed. Only after this 
important and fundamental step has 
been taken, is it possible to make any 
computations for determining the sizes 
of the required parts. Adequate train- 
ing in machine design, therefore, re- 
quires training in all phases of the 
science. The problem of developing 
this creative ability in the young engi- 
neer, discussed by Professor Billings, 
may require specialized training simi- 
lar to the advanced mechanical de- 
sign course, which A. R. Stevenson, 
Jr., of the General Electric Co. has de- 
veloped. 

In closing, it might be appropriate 
to mention briefly some desirable qual- 
ities of advanced training in the field 
of machine design. A course * of the 
type recently described by Professor 
P. H. Black of Cornell University in 
the April, 1946 issue of the S.P.E.E. 
Journal would acquaint the student 
with modern engineering developments 
of value to the design engineer. A 


*“An Experiment in Course Administra- 
tion” by Professor P. H. Black, S.P.E.E. 
Journal, April, 1946. 
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. portance. 





familiarity with differential equations, 
including a knowledge of their uses 
and limitations, would be of great im- 
To facilitate and encourage 
the use of these equation, the engi- 
neer should be trained in the graphical 
methods for obtaining solutions. These 
methods may save considerable time 
when a general analytical solution, 
available only after hours of labor, is 
not required. The results of investiga- 
tions in applied mechanics should also 
be made available to the engineer spe- 
cializing in design. 

It is naturally obvious that a certain 
amount of detailed information must be 
included in any course in Machine De- 
sign which obtafns a specific solution 
to a given design problem. Economic 
design through the use of standard 
parts is a well recognized goal. The 
need for this detailed information, how- 
ever, should not obscure the engineer- 
ing fundamentals upon which the prop- 
erly organized Machine Design course 
can occupy a position of great signifi- 
cance in the engineering curricula. 


DISCUSSION FROM THE FLOOR 


W. A. Jounson, Cornell University 
—intimated that mechanical laboratory 
experiments on belts, sleeve bearings, 
stress (photoelastic), etc., were disap- 
pearing from their curriculum—agrees 
that design literature, etc., should be 
available to broaden the experience of 
the student—suggested that when stu- 
dents come to machine design they al- 
ready have a dislike for drawing and 
have already decided that they do not 
want to stay on the board. 

L. C. Price, Michigan State College 
—suggested that machines were be- 
coming too complicated for students 
to understand easily—comparing past 
and present automobiles. 
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E. S. Autt, Purdue University— 
stated that students must spend eight 
hours per day for two weeks in a sum- 
mer course in their machine shop and 
a similar time in their mechanical 
laboratory dealing with bearings, belts, 
pipes, etc. 

C. Hicprze Younc, Cooper Union 
Institute—stated that it is planned to 
have all engineering groups, following 
the completion of the first year, spend 
eight hours per day for eight weeks at 
camp where the instruction will cover 
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surveying, field practice, mechanical 
shop, humanities and physical exer- 
cise—stated also that in the mechanical 
shop program the problems will be 
given with little information which will 
require the student to set up a pro- 
cedure of his own. 

D. K. Wricut, Case School of Ap- 
plied Science—stated that they require 
students to take survey camp at the 
end of their first year, and shop course 
following their second year or suitable 
industrial experience (at any time). 








Engineering Education in the Future* 


By ALEX D. BAILEY 
Commonwealth Edison Co., 72 W. Adams St., Chicago 90, Illinois 


I thought I would take a new ap- 
proach to this problem and approach 
it from the engineering profession 
angle; consequently, the title of my 
talk might be The Engineering Pro- 
fession Grows up, and What are Engi- 
neering Educators Going to Do about It. 
There can be no question but that the 
conception of the engineering profes- 
sion, its. scope, obligations, etc., has 
undergone many changes in recent 
years. Engineers are assuming new ob- 
ligations and accepting responsibilities 
in fields far removed from technical 
work. The public is generally accept- 
ing the broader view of the engineer’s 
responsibility, and he is coming in for 
more criticism if he fails in performing 
these new duties. The engineer him- 
self has learned that the engineering 
education which he received, the habits 
of study and the training which he ac- 
quired can be put to good use in the 
much broader fields than those purely 
technical, and that he can hold his 
own with representatives of the legal 
and political professions; he is acquir- 
ing tact, he is becoming more politic in 
his thoughts and actions and is realiz- 
ing the importance of human relations 
in his chosen profession. 

There are so many evidences of this 
trend that it might be well to enumerate 
some of them: If you are following 


* Presented at Meeting of Illinois-Indiana 
Section, University of Illinois, May 11, 1946. 
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engineering literature, particularly the 
magazines of our founder societies, 
and even the publications of this or- 
ganization, you will find an increasing 
amount of space devoted to subjects 
which are not technical. This, it seems 
to me, is recognition of the trend re- 
ferred to, and the need for education 
outside the purely technical field. 
While there has been some resentment 
from some engineers toward this change 
from purely technical subjects, I am 
sure that this resistance is decreasing 
and that engineers generally will ac- 
cept the idea that an engineer must be 
much more than a technician or a me- 
chanic if he is to properly represent 
his profession. We hear a great deal 
about the need for the engineer to study 
the social sciences; while you in the 
teaching profession may have a clear 
idea of the meaning of that phrase, I 
shall have to admit that it has been used 
so loosely and so frequently that the 
layman is quite badly confused, and 
has generally developed a dislike for 
the words, particularly since some of 
our political friends are even trying to 
write it in legislation along with “pure 
science.” However, in the articles re- 
ferred to, we now find discussions of 
economic matters, finance, human re- 
lations, management, government—sub- 
jects which a few years ago would have 
been taboo in any technical magazine. 

I should like to mention also another 
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evidence of the changing ideas regard- 
ing the engineer’s field of activity. The 
Engineers’ Joint Council, which is 
made up of presidents, past-presidents 
and secretaries of the four founder en- 
gineering societies, and the chemical 
engineers, has standing committees 
working on subjects which are of in- 
terest to the profession and of na- 
tional interest as well. One of these 
committees is studying the economic 
status of the engineer, under which title 
you will find discussions on labor re- 
lations, wages, etc. Another committee 
is preparing a report on the organiza- 
tion of the engineering profession and 
is canvassing the entire field with the 
intention of making a thorough diag- 
nosis of the situation, and after the 
essential information is collected, it will 
make recommendations. Another com- 
mittee offered the help of the profession 
to the State Department on the indus- 
trial disarmament of Germany and 
Japan. At the request of the State De- 
partment a report was prepared on 
Germany which was very well received 
by both the State Department and the 
Army. A similar report on Japan is 
nearing completion. In the hearings on 
the MacMahon Bill, regarding the appli- 
cation of nuclear energy, representa- 
tives of these organizations presented 
the necessity for engineering representa- 
tion in the organization of the advisory 
committee to the commission, and sup- 
ported the arguments of Mr. Klein of 
Stone & Webster, who had made a 
personal appearance. This was so ef- 
fective that Senator MacMahon wrote 
Mr. Klein that he apparently had the 
support of the entire engineering pro- 
fession. The engineers, along with 
representatives of the scientific so- 
cieties, presented a resolution to the 
President regarding the drafting of 
student engineers and the subsequent 
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depletion in the number of new engi- 
neers available for industry. During 
the war and previous to it, the Ameri- 
can Society of Mechanical Engineers, 
with which I am best acquainted, 
worked with the Ordnance Department 
of the Army on industrial preparedness, 
and during the war built up its use- 
fulness in special research which was 
requested. Some time ago the same 
society offered its service to the Navy, 
an offer which was very well received 
and apparently much appreciated ; since 
that time the Navy has asked to be 
represented on some of our committees 
conducting work in which they are 
particularly interested, and has shown 
a willingness to cooperate. The Navy 
is probably’ the largest mechanical en- 
gineering organization in the world, 
so it is most important that there should 
be a very close tie-in between it and 
the society which represents the me- 
chanical engineers. What the other 
societies are doing, I cannot say as I 
am not so well acquainted with their 
programs, but I do know that the civils 
are taking a very active interest in 
political matters. The work of the 
engineering societies in cooperation 
with industry is too well known and too 
well established to justify much dis- 
cussion at this time. 

Although we may have been fre- 
quently told that engineers have not 
done a good job in national politics, I 
would like to remind you that one of 
the outstanding men of our profession 
has made a reputation as an authority 
on relief work in devastated countries. 
This is the biggest job of human engi- 
neering the world has ever seen, and 
the recent appointment of Mr. Hoover 
is just recognition of his ability and 
fitness, even though he is an engineer 
by training and profession. 

Engineers, you will find, are getting 
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into local politics and are taking a more 
active part in community affairs—they 
are working on village boards and com- 
mittees of various kinds, school boards, 
and are members of boards of trustees 
of universities and colleges. I think 
we can flatter ourselves that the appel- 
lation “engineer” has better standing 
then it has ever had before. 

Probably because the engineer’s tech- 
nical work requires that he deal with 
facts which are, of course, impersonal, 
and that he must make a qualified, un- 
biased analysis of cold facts in reaching 
a proper conclusion, the engineer has 
too often created the impression that he 
is lacking in those human attributes 
which enable people to get along with 
each other. He is considered an in- 
trovert. This is an impression which 
must be corrected. Quite frequently 
some apparently insignificant thing calls 
this to our attention. Even the comic 
strips have recently commented on 
the engineer’s lack of understanding of 
human relations, and though we laugh, 
when we read these “funnies,” we must 
not forget that they are read by millions 
of people every day, young and old, and 
that they do represent the thinking of 
certain people and influence the think- 
ing of probably hundreds of thousands 
of others. I am referring to a recent 
line in “Harold Teen” in which Harold 
asks Lillums to give up her career as he 
is going to be a great engineer, and her 
reply is “Oh! Engineers have no ro- 
mance.” 

The great majority of graduate en- 
gineers go into industry and they look 
forward to the time when they will as- 
sume positions in management. Their 
preparation for this, however, is al- 
together too meager, and probably be- 
cause this matter has not been properly 
and sufficiently stressed in their edu- 
cational programs, they fail to realize 
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the importance of good personnel re- 
lations. I should like to repeat that in 
my opinion the most important time in 


the young engineer’s career and the 


time at which he is most carefully 
watched is when he is given the re- 
sponsibility of directing the work of 
others. Whether or not he is a good 
manager will determine his future suc- 
cess. Too often in discussing matters 
of this kind, the statement is made that 
a certain young man under considera- 
tion is well educated technically but 
that he lacks managerial ability and in 
certain cases, has a difficult time getting 
along with people. In these days of 
large organizations, management and 
its associated “human relations” are 
becoming increasingly important. 

As the importance and scope of the 
engineer’s work increases, and as he 
assumed more and more positions of 
responsibility, it is only natural that he 
and his profession should come in for 
more criticism. As for myself, I wel- 
come such criticism for it merely em- 
phasizes the shortcomings which some 
of us in industry have been preaching 
for years. I should like to quote from 
a talk given by Mr. Robert W. Johnson 
before the American Management As- 
sociation last month: 


“Unfortunately the graduates of our 
great engineering schools and the products 
of our American universities were not 
equally well educated in the science of 
human engineering. Recently it has be- 
come apparent that the greatest technical 
skill is worth little unless men and women 
can be persuaded to carry out the deci- 
sions essential to making that skill effec- 
tive. We are now discovering that a 
scientific and technological understanding 
of a subject does not develop or produce 
ability to lead large groups of people into 
enthusiastic day-in and day-out response. 
This means that we must have new man- 
agement—management not only skilled in 
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the techniques, but equally well grounded 
in the field of human relations.” 


While we may think that Mr. Johnson 
has overdrawn the picture, we must not 
forget that comments such as his are lis- 
tened to and widely read and believed. 
They have a wide-spread influence. 
We will agree with some of his state- 
ments, for they have been made many 
times before and are not new, but I 
should hate to believe that the picture 
is quite as black as he paints it. The 
great majority of management jobs in 
industry are filled by engineers so they 
must have done a fair job compared 
with what men with other types of edu- 
cation might do, or they would not have 
been chosen. The fact remains, how- 
ever, that the engineers have not done 
a good enough job. Their performance 
along technical lines has been wonder- 
ful but the human relations angle can- 
not be ignored. 

Engineering educators and educators 
in general have placed a great deal of 
importance on scholastic standing. The 
fact that a young man may have at- 
tained a position in the top ten per cent 
of his class, according to scholastic 
rating, may not be a good indication 
that he will be a good engineer. If 
we in industry were doing the job, we 
would not: place so much importance 
on scholastic attainment, as you seem 
to think is necessary. A good scho- 
lastic standing may indicate good habits 
of study and by checking his record we 
may be able to determine those lines of 
activity in which a student seems to 
excell, but there are many other quali- 
fications which should be considered. 
A few years ago I received from the 
head of the mechanical engineering de- 
partment of one of our well known 
universities a booklet in which a page 
was devoted to each member of his 





575 


graduating class. Each page bore the 
picture of a young man, gave his family 
background, age, religion, etc. It told 
whether he had supported himself 
wholly or in part during his educational 
career, what industrial experience he 
had had, and showed the grades he 
had maintained. It also gave a brief 
description of the individual and a 
short discussion of his hobbies and ex- 
tra-curricular activities. I thought I 
might shock my good professor friend 
when I wrote and: told him that I had 
studied his book carefully and that I 
had paid particular attention to these 
men’s hobbies, industrial experience, 
and to their extra-curricular activities ; 
also, to their family background, be- 
cause I thought these items would give 
me a better picture of the individual 
than I would be able to get from his 
scholastic rating. I was willing to take 
his educational qualifications for 
granted and would be willing to take 
an average rating in this regard if a 
young man possessed some of the other 
qualities for which I was looking. I 
also pointed out that in entering a 
large industrial organization a young 
man’s hobbies are frequently a means 
for making acquaintances and estab- 
lishing friendships. 

Industry is always looking for the 
exceptional man, and the genius has 
played a most important part in our 
industrial and economic development. 
The genius, however, is a rare bird and 
is a problem to our engineering institu- 
tions of learning because as they fol- 
low the usual mass production proce- 
dures and subject their raw materials 
to “go” and “no-go” gages, these men 
are apt to be screened out. Even if 
they are fortunate enough to get in, 
they are frequently dropped in the 
educational process as they are sub- 
jected to gaging from time to time. If 
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they conform to the requirements and 
pass the final gage test, they are too 
apt to look like all the other pieces in 
the assembly line. There are, however, 
certain qualities which we think all 
engineers should possess; one of these 
is the ability to express himself either 
orally or in writing, and the ability to 
prepare reports which are intelligible 
and conclusive with 4 minimum of mis- 
pelled words and with fairly good 
English. If aman is unable to express 
his thoughts properly and convincingly, 
he is handicapped from the start. On 
the other hand, ability along these lines 
will go far in calling attention to a 
young engineer, provided, of course, 
that his thinking is sound. Other items 
are personal appearance and personal 
conduct. The latter is so closely allied 
to reliability and dependability that it 
is given more attention than even you 
may suppose; certainly more than the 
young engineer imagines. 

The young engineer soon learns that 
larger and larger organizations are the 
order of the day—even our engineering 
schools are becoming examples of mass 
production. Is it not important then 
that the engineering profession should 
be properly organized? To some it may 
seem that I am getting too far away 
from engineering, and into the field of 
politics, but we have heard for so many 
years that the engineering profession 
does not receive proper recognition 
that I am sure it is time that the engi- 
neer gave some thought to this particu- 
lar problem. First of all, we are engi- 
neers, and although a man may consider 
himself a mechanical engineer, an elec- 
trical engineer, or some other kind of 
an engineer, the appellations have no 
more significance than a given name— 
they merely serve to identify the partic- 
ular family or group into which a 
man’s work has landed him. Unfortu- 
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nately we have been taught along spe- 
cialized lines and have consequently 
felt that the mechanical engineer was a 
different kind of an animal from an 
electrical engineer, a mining or civil en- 
gineer, while in reality we are all mem- 
bers of the same profession. First of 
all, we are engineers and until all the 
members of the profession accept that 
principle, and until those particularly 
interested in special branches of engi- 
neering are willing to make the neces- 
sary compromises and concessions to 
effect a representative engineering con- 
cept, and are willing to work together 
for the common good of the profession, 
just so long will we continue to hear 
that the engineer is not being given the 
recognition which his professional 
ability justifies and warrants. There 
has been a recent revival of the trend 
toward a unified profession—many 
plans have been discussed, but to my 
mind, one of the most encouraging is 
the movement now on foot to combine 
the student branches of the founder en- 


. gineering societies to make it easier for 


a young engineer to follow a broad line 
of activity during his educational life. 
This will give him a broader back- 
ground and a better idea of professional 
solidity, and in time will draw our 
present engineering societies closer to- 
gether. I am particularly glad that the 
faculty members of our engineering 
schools are interesting themselves in 
this development. 

With these disjointed comments, 
what are we going to recommend for 
the future of engineering education? It 
is important that the young engineer 
should know the place of his chosen 
profession in our social structure and in 
our economic life. He should be im- 
pressed not only with its place and im- 
portance in industry, but of its place 
and importance in the development of 
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our country and in the assurance of its 
security. He should understand the 
responsibility of his profession in our 
social structure, a responsibility which 
will be his personally later. He should 
be taught the ethics of his profession 
which are the finest and the equal of 
those of any of the other professions ; 
legal, medical, political, and might even 
include theological. I sometimes think 
that engineering ethics are better, or 
possibly more carefully observed than 
those of some of the other professions. 
He should be taught the responsibility 
of citizenship for after all good citizen- 
ship is the foundation of a government 
such as ours. The engineer has a par- 
ticular responsibility as a citizen. It 
seems to me that these are fundamentals 
which should be impressed on the 
young student as frequently as possible 
and as early as possible—they cannot 
be overemphasized. 

He should be informed of the kind 
of work engineers are doing all over 
the world and should be impressed with 
the importance of developing ability in 
fields not purely technical. The engi- 
neer who succeeds and who gets to the 
top in the engineering profession does 
not acquire this distinction because of 
his technical ability alone—he must 
have those other qualifications which 
we have been discussing if he is to rise 
above the common level. 

We are all agreed that an engineer 
must have, first of all, a fundamental 
technical education. I think that in- 
dustry would agree that so far as the 
technical education is concerned, our 
young engineers are quite well quali- 
fied. I think the students in our en- 


gineering colleges themselves feel that 
a good technical education is necessary 
for them to get started in engineering 
work; in other words, to. get a job. 
We shall also have to agree that the 
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technical field itself is broadening at an 
astonishing rate due to the increase in 
scientific knowledge, and that our en- 
gineering educators are put to it to 
keep up with the parade. Teaching the 
languages, particularly the dead lan- 
guages, is one thing—once you have 
covered the subject you are set because 
the subject matter does not change; 
in the technical field, however, you are 
dealing with a live subject which is 
continually changing and growing. 
You have continual demands for special 
courses but I am sure we have all de- 
veloped a better appreciation of the 
shortcomings of highly specialized 
courses during the past few years be- 
cause of the educational work carried 
on by the armed forces. While these 
served a purpose and filled a need, they 
did not in any sense give the young men 
who took them an education—their 
purpose was to take care of an emer- 
gency, which we afl hope will not occur 
again. Cannot we agree then that so 
far as the undergraduate courses are 
concerned, the young engineer’s edu- 
cation should be fundamental and not 
specialized. Other things are more 
important than highly specialized 
courses in a particular field of engineer- 
ing. That can be done later either by 
industry or in special post-graduate 
study. 

I think an example of what I am 
talking about with regard to highly 
specialized courses might be the case 
of atomic energy which is now being 
discussed by every one. The applica- 
tion of this energy, now that the scien- 
tists seem to have pretty well completed 
their part of the work, is undoubtedly 
an engineering problem, and just as 
with radio, television and other innova- 
tions, I presume you will be swamped 
with requests for establishing special 
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courses in atomic power. I am sure 
you will agree that the fundamentals of 
the application of this new form of 
energy are already taken care of in 
our engineering education and that 
any specialization should properly be 
carried on in work beyond the under- 
graduate course of study. It is hope- 
less to try to do a complete job in this 
one field in the time allowed and it 
would be a serious mistake to sacrifice 
a fundamental education for such a pur- 
pose when the time could be used much 
better in some of the subjects which 
have previously been discussed. 
During the years we have heard 
complaints that industry has taken your 
best teachers because it could offer 
more money. I am not sure just how 
serious this has been, but I do know 
that in some schools the flow has been 
in the reverse direction, and that those 
schools have profited immeasurably. 
Since these student, engineers are be- 
ing prepared for industry, is it not 
reasonable to require their instructors 
to have had some experience in in- 
dustry? With this background the 
instructors could speak with much 
more authority and assurance and their 
comments would be received with 
greater attention. As each one of us 
looks back on his own educational 
career he will admit that a great ad- 
vantage of his school life was his con- 
tact with instructors and professors 
who by their own character and per- 
sonality impressed him, possibly un- 
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consciously, with certain habits, man- 
nerisms, etc., which made a lasting im- 
pression and stayed with him as long 
as he lived. 

Assuming that the technical curricu- 
lum takes all the allotted time, and 
there is no opportunity for studies in 
the humanities, in management, finance, 
etc., can we not somehow have lectures 
in the classroom by department heads, 
professors, or by representatives of 
industry, and impress on these young 
men the fact that there is much more 
to engineering than purely technical 
matters? I have been told many times 
that the engineering curriculum can- 
not be enlarged to take in any of these 
other subjects but I am wondering if 
the pressure should not be continued 
and possibly increased to bring before 
the young engineer the importance of 
some of these major items. Having 
had very little experience in teaching, 
and never having had the responsibility 
of making up a course of study, I hesi- 
tate to make specific suggestions, but 
will merely express the thought which 
I know is growing in industry. Of 
course we are not all equally gifted 
naturally, but somehow or other in 
the course of an engineer’s education 
he must realize that technical qualifi- 
cations are not enough if he is to be 
successful, and if he is to fulfill his 
proper place, even in the business 
world. He must possess these other 
qualifications which are becoming in- 
creasingly important. 
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College Notes 


University of Nebraska.—1. The 
Electrical Engineering staff at the Uni- 
versity has been augmented by the ap- 
pointment of Associate Professor 
Charles W. Rook, lately of the Uni- 
versity of North Dakota, who takes up 
his duties beginning with the second 
semester. 

2. Last September we added to our 
staff Mr. Ernest J. Ballard, Instructor 
in Electrical Engineering, who came to 
us from Consumer’s Public Power 
District of Nebraska. He is a grad- 
uate of Clemson College. 


Summer School for Mechanical 
Engineering Teachers.—A five day 
Summer School for teachers of Me- 
chanical Engineering will be held at 
Northwestern University, June 14-18. 
Lectures will include Thermodynamics, 
Gas Turbines, Supersonic Phenomena, 
Atomic Energy, Hydraulic Controls, 
Process Engineering, Materials Proc- 
essing, Stress Analysis, Kinematics, 
Lubrication; Materials in Design, 
Fluid Mechanics, Mechanical Engi- 
neering Laboratory, Teaching Meth- 
ods and Testing of Large Groups of 
Students. The purpose of the Summer 
School is to bring teachers of Me- 
chanical Engineering up-to-date on 
new developments and to discuss the 
problem of more effective teaching. 
Much of the material covered in the 
lectures has not yet appeared in text 
books. The lecturers will be an- 


nounced in the near future. 
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A.S.E.E—A.S.M.E. Summer School— 
Northwestern Univ., June 14-18. 
A.S.M.E. Semi-Annual Meeting— 

Chicago, June 16-20. 
A.S.E.E. Annual Meeting—Univ. of 
Minnesota, June 18-21. 


University of Pittsburgh—The 
University of Pittsburgh’s 20-million- 
volt cyclotron is now producing radio- 
active elements vital to medical re- 
search and opening new horizons in 
nuclear physics. 

The atom-smasher, buried in a hill- 
side on the University campus, will be 
geared with medical science’s new at- 
tacks on cancer and leukemia, with 
research into the secrets of animal and 
plant growth, and with industrial re- 
search in metals, chemistry, and glass. 
Equally important, it will probe still 
deeper into the atom to reveal the un- 
known forces that harbor such tre- 
mendous energies. 

The 120-ton giant is a cooperative 
project of Pittsburgh’s civic, educa- 
tional, and industrial institutions. 
Grants of $82,500 jointly from Mrs. 
Alan Magee Scaife and the Sarah 
Mellon Scaife Foundation made pos- 
sible the construction. and six local 
firms contributed equipment and ma- 
terials. The cyclotron was built under 
the supervision of Dr. Alexander J. 
Allen, Westinghouse Graduate Pro- 
fessor of Engineering at the Univer- 
sity of Pittsburgh. 
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Unique in Cyclotron Family.— 
While the Pittsburgh cyclotron does 
not compare in size with the super- 
cyclotrons which are being built, its 
special design makes it unique for a 
variety of functions. It promises to be 
the most efficient and productive cy- 
clotron for general research purposes. 

Radioactive tracer materials are be- 
ing supplied to medical, industrial, and 
other research organizations. This is 
a rapidly broadening field of investi- 
gation. Radioactive phosphorus, for 
example, is a promising weapon against 
leukemia. Radioactive iodine is used 
to study thyroid conditions. Chick 
embryos can be studied with radio- 
active copper. Virtually every ele- 
ment that makes up the human body 
can be produced in a radioactive form 
and traced in its progress through the 
body. 

Pure research into the inner mys- 
teries of the atomic nucleus will also 
be carried on. While the atomic bomb 
was the surest possible proof that the 
theories of the nuclear physicists were 
correct, we still know very little about 
the nature of the forces that lock up 
this tremendous energy in the nu- 
cleus. The cyclotron will be used to 
attack this problern until we find the 
answers. This virtually uncharted 
field holds great potentialities for new 
knowledge that may far outrival the 
original discovery of nuclear fission. 

Last but not least, the cyclotron de- 
velopment and its related activities is 
part of the University’s educational 
program where young scientists are 
being trained. 

A Vacuum Between a Magnet.— 
In cyclotron operation, electrically 
charged particles of heavy hydrogen— 
called deuterons—are produced inside 
the vacuum box where they whirl 
around the circular chamber, receiving 
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up to a 200,000 electron-volt “push” 
at each half-way point until they are 
accelerated to 20,000,000 electron-volts 


of energy at the periphery. 


Now whirling at the incredible speed 
of over 20,000 miles a second—fast 
enough to encircle the world in less 
than one second—the ions crash against 
the target, disrupting its nuclear struc- 
ture, and rendering it radioactive. The 
target is then removed and used for 
treatments or research. The whole 
process is rapid. Radioactive samples 
are produced in a matter of minutes. 

Planned Before War.—The cyclo- 
tron was planned for Pittsburgh’s great 
medical and research center to meet 
the demands for radioactive materials, 
The present building was completed in 
1942, but installation of the machine 
was delayed by the war. The coop- 
erating firms are the Westinghouse 
Electric Corporation, the Gulf Oil 
Corporation, the Aluminum Company 
of America, the Carnegie Illinois Steel 
Corporation, Mesta Machine Company 
and General Electric Corporation. 


Rocky Mountain Hydraulic Lab- 
oratory.—Plans are now being made 
for the second season of operation of 
the outdoor summer laboratory near 
Allenspark, Colorado. The establish- 
ment of this project was described in 
the December 1945 issue of the Jour- 
NAL OF ENGINEERING EpucaTION (vol. 
36, p. 298).* Students of Hydraulics 
and members of the Hydraulics Sec- 
tions or Divisions of A.S.C.E., A.S- 
M.E., A.S.E.E., and A.G.U. are wel- 
come to join in the research and edu- 
cational activities of the Laboratory, 


* The announcement was mistakenly pub- 
lished under the heading, “State University 
of Iowa.” Actually the laboratory is a sepa- 
rate organization and has no connection with 
any university. 
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which is under the direction of a board 
of trustees headed by Gerald H. 
Matthes, Consulting Engineer of New 
York City. 

During the first season a small group 
of engineering “pioneers” opened up 
an access road, built a bridge, pros- 
pected for and found sand deposits 
large enough to take care of the lab- 
oratory’s needs for construction and 
experimental work, and built a small 
shop building. All members of the 
group, which included Mr. Matthes, 
Professor C. J. Posey of the State 
University of Iowa, Professor Ralph 
W. Powell of the Ohio State Univer- 
sity, Professor Henri J. Putnam of the 
Université Laval, Quebec, Lyman 


Flook of the U. S. Bureau of Reclama- 
tion, and Professor John H. Dawson 
of the University of Colorado, expect 
to return for at least part of the coming 
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season to carry on the program started 
last summer. The organization owns 
a 20-acre site near the Rocky Moun- 
tain National Park, including a quar- 
ter-mile reach of the crystal-clear 
North St. Vrain Creek. In addition 
to research projects to be conducted at 
the laboratory, inspection trips to 
nearby engineering projects and tech- 
nical meetings with visiting engineers 
are planned. The second annual meet- 
ing of the corporation will be held on 
Saturday, August 16. 

Those who wish to participate’ in 
the Laboratory’s program, or. who 
would like to use its facilities for re- 
search on a particular project, should 
communicate with Professor R. W. 
Powell, The Ohio State University, 
Columbus 10, Ohio, or Professor C. J. 
Posey, State University of Iowa, Iowa 
City, Iowa. 











Clement Clarence Williams was born 
in Bryant, Ill., February 21, 1882, and 
died February 20, 1947. At the time 
of his death, he was consultant in en- 
gineering and industrial education. 

Dr. Williams was a member of the 
Council of this Society in 1920-23; 
Vice President 1928-29 ; and President 
1934-35. He was a very active mem- 
ber of the Society, attending all na- 
tional and local meetings, and giving 
unsparingly of his wide knowledge of 
engineering education. His death is 
a great loss both to the Society and 
to engineering education. 

In 1907, he received the bachelor’s 
degree from the University of Illinois ; 
1909, the C.E. degree from the Uni- 


Necrology 


versity of Colorado. He received hon- 
orary degrees from many colleges. 
Dr. Williams taught at the University 
of Colorado from 1907-14; University 
of Kansas 1914-22; University of II- 
linois 1922-26; Dean, College of En- 
gineering, University of Iowa 1926- 
35; President of Lehigh University 
1935-44; 1944-47, consultant in engi- 
neering at Madison, Wis. 

Dr. Williams was the author of 
“Design of Railway Location,” “De- 
sign of Masonry Structures and Foun- 
dations,” “Building an Engineering 
Career,” “Foundations”; and many 
articles published in engineering mag- 
azines. 
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A. S. LEVENS, Editor ° 


1. MIDWINTER MEETING. 


The-midwinter meeting of the Draw- 
ing Division of the A.S.E.E. was held 
at the Brooklyn Polytechnic Institute, 
Brooklyn, New York, on Saturday, 
February 1 at 10 A.M. 

The morning session featured a tal 
ly Dr. Otto Klitgord of the Institute 
a Applied Arts and Sciences in Brook- 
lm on the Technical Institute move- 
ment, a few words by Professor Ming 
of the Brooklyn Polytechnic Institute 
om his work on E.S.M.W.T. courses 
and a report by Professor Harry M. 
McCully of Carnegie Institute of Tech- 
nology on the work of the Standards 
Committee. Professor Rule appointed 
the following committee chairmen: 


(a) Committee on Granting Credits. 
Prof. Ralph S. Paffenbarger, 
Chairman, Ohio State University. 

(b) Committee on Minimum Stand- 
ards. Prof. Arthur B. Wood, 
Chairman, University of Tennes- 
see. 

(c) Committee on Visual Aids. Prof. 
H. B. Howe, Chairman, Rensse- 
laer Polytechnic Institute. 

(7) Committee on Advanced Graph- 
ics. Prof. Frank A. Heacock, 
Chairman, Princeton University. 


The morning session was followed 
by a luncheon, at which the entire 
group were the guests of President 
Rogers of the Brooklyn Polytechnic 
Institute. 
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The afternoon session was featured 
by a paper by Mr. Steven A. Coons of 
the Chance Vought Aircraft Corpora- 
tion on the Application of Graphical 
Methods to ‘Aircraft Design. This 
was an unusually interesting paper re- 
peated from the fall meeting of the 
New England Division of the A.S.E.E. 
The paper started a lengthy discussion. 
This was followed by a meeting of the 
Executive Committee of the Drawing 
Division. 

The attendance was in excess of 


. forty. The chief topic of open discus- 


sion dealt with means of increasing 
our emphasis on graphical methods and 
graphical research. It was tentatively 
decided by the Executive Committee 
to make this topic the major theme at 
the Minneapolis meeting in June. 


2. JOHN OPENS THE DOORS. 
(Editor) 


The Men We Want are Within Our 
Doors 


By JOHN M. RUSS 
Professor of Engineering Drawing, 
State University of Iowa 

“The way to make good draftsmen 
out of your students is to teach them 
to draw.” How many times have we 
heard such learned remarks? Advice 
that is! Almost as often as “The way 
to keep a drawing clean is to not get 
it dirty.” Running an able frequency 
race in this class, if any, is the lament 
that our high school graduates are of 
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an increasingly poor quality. “How 
can we be expected to produce a high 
standard product from such low grade 
material ?” , ‘ 

This alibi of the University teacher 
has always annoyed me. It has al- 
ways given a negative nudge to my 
respect for the speaker. I have been 
guilty, too, at times. In moments of 
frustration, and when effective teach- 
ing was not apparent. Then came the 
dawn. Registrations on the student’s 
subconscious mind summated to con- 
scious expression, and I realized my 
fault in seeking so lame an excuse. 

I have had the opportunity of teach- 
ing in four of our nationally-known in- 
stitutions of higher education. And I 
have had the privilege of serving this 
Division nationally in several capaci- 
ties. On this back-drop of experience 
my observations find this one funda- 
mental projection: 


The average American youth of the 
proper aptitudes can be taught to be an ex- 
cellent craftsman, irrespective of whether 
he reaches us via the little white school 
house among the corn fields, or by way of 
the excellently staffed and equipped high 
school of a metropolitan area. And by 
“craftsman,” I mean in the broadest sense 
—culturally and intellectually. 


The best University administration 
concurs in the basic premise that any 
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institution of higher education is most 
fairly judged more by the quality of 
its faculty than by any other evidence. 


-In these times of hectic teaching, over- 


loaded schedules, and too many of 
those we love, let us write in words of 
fire and sear it on our thinking hearts, 
that never before in the history of the 
world has so rich and meaningful a 
group of raw material been seeking ad- 
mittance to the fraternity of Engineer- 
ing. Let us constantly search this 
happy hunting ground for potential 
teaching personnel with which to ac- 
ceptably replace the priceless and dis- 
tinguished personalities who have been 
guiding the destinies of this Division 
and its students. Who in 1970 will be 
the French, the Higbee, the Hood of 
their generation? We can anticipate 
the answer today by judiciously pick- 
ing and encouraging a chosen few 
from those about us. Now as never 
before we are in a. position to cease 
continuing mental adolescence in the § 
teaching area. Now we can enlist and § 
initiate young ADULT minds into the § 
instructional brotherhood. 

The high schools are doing all right. ¥ 
It is up to us to acquire and build staff J 
personnel who are qualified to carry 
the learning curve on up into the qua- 
dratic level with an accelerated up- § 
sweep. ; 
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